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ELECTIUCAL EESEAKCHES 

<»’ THJi: 

[[ONOUllABLE HENRY CAVENDISH, F.R.S. 


INTRODUCTIONS 

So little is known of the details of the life of Henry Cavendish, 
and so fully liave the few known facts been given in the Life of 
( ^-ivendisli by Dr George Wilson "f*, that it is imncjcessary l)erc to 
repeat them except in so far as they bear on the history of his 
electrical researclies. 

He was born at Nice on the 10th October, 1731, he became a 
Fellow of the Royal S(5cicty in 17C0, and was an active member of 
that body during the rest of his life. Ho died at Clapham on the 
!-kh Februaiy, 1810. 

His father was Lord (Jharles Cavendish, third son of William, 
second Duke of Devonshire, who married Lady Anne Grey, fourth 
daughter of the Duke of Kent. Henry was their eldest son. He 
had onabrother, Fi^derick, who died 23rd February, 1812. 

Of Lord Charles Cavendish we have tlie following notice by 
Dr Franklin After describing an experiment of his on the 
passage of electricity through glass wlien heated to 400"F.,1i(b 
says, 

“It were to be wished that this noble ])hilosophcr would coiinuuni- 
“ cate more of his cxperiiiients to the world, as he makes many, and 
“ with great accuracy.’' 

* By the Editor. 

+ Published iii 1851 as the first volume of the Works of the Cavendish Society., 
FranklhCs irorks, edited by Jsired Sparks, Boston, 185(), Vol. v, p. .‘183.. Seo 
iiIho Note 26 at the end of this hook. 
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Lord Charles Cavendish has also recorded a very * accurate 
series of observations* on the depression of mercury in glass tubes, 
and these have furnished the basis not only for the correction of 
the reading of barometers, &c., but for the^ verification of the 
theory of capillary action by Young, Laplace, Poisson and Ivory. 

I think it right to notice*^ the scientific work of Lord Charles 
Cavendish, because Henry seems to have been living with him 
during the whole period of his electrical researches. Some of the 
jottings of his electrical calculations are on torn backs of letters, 
one of which is addressed, 

[The Ho]n“® ]VP Cavendish 
at the 

The L? Charles 
Cfivendisli’s 
Marlborough Street. 

These calculations relate to the equivalent values of his trial 
plates when drawn out to diflerent numbers of divisions. There 
is no date nor any part of the original letter. 

The memoranda of some experiments similar to those in Art. 
588, on the time of discharge of electricity througli dilYercnt bodies, 
are on the back of the usual Notice of the election of the Council 
and Officers of the Koyal Society on the Thirtieth of November, 
1774 (being St Andrews Day) at Ten o’Clock in the Forenoon at 
the House of the Royal Society in Crane Court, Fleet Street. 
The address on the back of this letter is 
To 

The Hon Henry Cavendish 

GP Marlborough Street. 

Dr Thomas Thomson, who was acquainted with Cavendish, 
says in his interesting sketch of him’f. 

During his fatlier^s life-tirnc he was kept in rather narrow circum- 
“ stances, being allowed an annuity of £500 only, while his apartments 

* PhiL Trims., 1776, p. 382. 

t Jiiatonj of Chemistry, Vol. i, p, 336, quoted in Wilson’s Life of Cavendish, 
p. 159. 
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“ were a set of stables, fitted iij) for his accommodation. It was during 
“ this period that ho acquired tliose habits of economy and those singular 
“ oddities of character which he exhibited ever after in so striking a 
manner.” 

The whole of the electric researches of which we are to give an 
accoiiat were made before the death Lord Charles Cavendish, 
which took place in 1783. Wc must therefore suppose that they 
were made in Great Marlborough Street, and probably in the set 
of stiibles mentioned by Dr Thomson. He speaks of a ‘Tore room 
and a back room in Art. 460, and in Art. 335 he compares the size 
of the room in whicli he worked to that of a sphere 16 feet in 
diameter. The dimensions of his laboratory arc of some im- 
portance in determining the electric capacity of bodies hung up in 
it, and by the foot-note to Art. 335 it would appear tliat the room 
was probably 14 feet high, whicli is soincwdiat lofty for “a set of 
stables,” but I believe not much more tlian the height of some 
of the rooms in the dwelling-houses in Great ]\Iaiiborough 
Street. 

Let us then suppose that we have been admitted by Cavendish 
into his laboratory in Great Marlborough Street, as it was arranged 
for his electrical experin^eiits in 1773, and let us make the best of 
an opportunity rarely, if ever, accorded to any scientific man of his 
own time, and examine the apparatus by which the electric fluid, 
instead of startling us with the brilliant phenomena, new in- 
stances of whicli were then every day being discovered, was 
made to submit itself, like everj'thing else wliich entered that 
house, to be measurec^. 

The largest piece of apparatus was the “machine for trying 
simple bodies” of which we have a description and sketch in Art. 
241, and plans at Arts. 265 and 273. The framework of the 
machine is not represented in these figures. 

We learn, however, from Dr Davy*, that 

“Cavendish seemed to have in view, in cons ti-uct ion, efficiency 
“ merely, without attention to appearance. Hard woods were never 
“ used, excepting when required. Fir-wood (common deal) was that 
“ commonly employed.” 


Wilson’s Ii/A’i P* 178. 
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The bodies to be “tried” and the wires and vials^for trying 
them were either supported on glass rods as shown in the sketch 
at Art. 23f), or else hung by silk strings from a horizontal bar 
7 feet inches from the floor as mentioned in Art. 400. Thq 
electrical connexions were made and broken at the proper times 
by means of silk strings passing over pullies attached to tlib hori- 
zontal bar. 

One of the bodies, the charges of wdiich Cavendish com- 
pared by means of this apparatus, was a globe 12*1 inches in 
diameter covered with tinfoil. This globe has historical interest 
as it w’as not only the standard of capacity with which Caven- 
dish compared that of all other bodies, but it formed part of the 
apparatus by wdiich he established that the electric repulsion 
varies inversely as the square of the distance. 

There was also a sot of circles of tin plate, one of 30 inches 
diameter, one of 18*5 and two of 9*3 ; and also square and oblong 
tin plates, and squared pieces of stone and slate, and a collection 
of cylinders and Avires of different sizes. 

There was another “machine,” represented, with its frame- 
Avork, in Fig. 20, Art. 295, “ for trying Leyden vials.” 

The “Leyden vials” Averc most of them flat plates of glass Avith 
circular coatings of tinfoil, one on each side. They were made in 
sets of three, any one of each set being nearly equal in capacity to 
the three of the former set taken together. Cavendish had thus a 
complete set of condensers of knoAvn capacity by means of Avhich 
he measured the capacity of every piece of his apparatus, from the 
little Avire Avhich ho used to connect his coated plates, and which 
he found to contain *28 “inches of electricity,” up to his battery 
of 49 jars, Avhich contained 321000 “ inches of electricity” *. 

These “ inches of electricity ” can be directly compared with 
our modern measurements of electrostatic capacity. Indeed the 
only difference is that Cavendish’s “inches of electricity” express 
the diameter of the sphere of equivalent capacity, while the 
modern measurements express the capacity by stating the radius 
of the same sphere in centimetres. 


* About half a iiiicrofarad. 
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Of eacli of tlioso pkitos of glass Cavendish has given a most 
minute description, so that each, if it were found, could be identi- 
fied. Mr Cottrell, of the Iloyal Institution, has been kind enough 
J:o examine the catalogue of apparatus there, which contains 
Cavendish’s Eudiometer and Eegistering Thennometer. No trace, 
hqwev^r, of a set of glass plates couli be found. It is possible, 
however, that if the plates were neatly packed up, their small bulk 
and their apparent uselessness may have enabled them to survive 
the periodical overhaulings of some less celebrated repository, and 
that they may yet gain an honourable place in the museum of 
historical instruments. 

But we need not expect ever to discover a i)iece of apparatus 
of still greater historical interest — that by which Cavendish proved 
that the law of electric repulsion could not differ from that 
of the inverse sejuare by more than It consisted of a ])air of 
somewhat rickety wooden frames, to which two hemispheres of 
pasteboard were fastened by means of sticks of glass. By j)ulling 
a string th()SG frauujs wenj made to open like a book, showing 
within the hemispheres the memorable globe of 12’1 inches di- 
ameter, supported on a glass stick as an axis. By pulling the 
string still more, the liemisjdieres were drawn quite away from the 
globe, and a pith ball electrometer Avas drawn up to the globe to 
test its degree of electrification.” A machine so bulky, so brittle, 
and so inelegant was not likely to last long, even in a lumber 
room. A facsimile of Cavendish’s sketch of it is given at page 
104. Ilis own account of the experiment, in Arts. 217 — 234, is 
one; of th^ most perfe^Jt examples of scientific exposition. 

We might also notice the diflercnt electrometers, most of them 
consisting of a pair of cork or pith balls, mounted on straws or on 
linen threads, and some of them capable of having their weight 
altered by means of wires run into the straws ; but though Caven- 
dish had a wonderful power of making correct observations and 
getting accurate results with these somewhat clumsy instruments, 
Ave must confess that in these, the most vital organs of electric 
reserfreh, Cavendish shoAved less inventive genius than some of his 
contemporaries. When Lane and Henly brought out their rcspec-* 
five electrometers, Cavendish compared their indicathms, ami by 
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stating in every case the distance at which Lane’s electrometer 
discharged, he has enabled us to calculate in modern units every 
degree of electrification that he made use of. What was really 
needed for Cavendish’s experiments was a sensitive electrometer.^ 
Cavendish did the best with the electrometers he found in ex- 
istence, but he did not invcF.t a better one. • 

It was not till 1785 that Coulomb began to publish the won- 
derful series of experiments, in which he got such good results 
with the tox'sion electrometer, an instrument constructed on the 
same principle as tliat witli which Cavendish afterwards measured 
the attraction of gravitation; and it was not till 1787 that Bennett 
described in the PhilosojMcal Transactions the gold leaf electro- 
meter, by means of which Volta afterwards demonstrated the 
different electrification of the different metals. 

The electrical machine, by Nairne, was one with a glass globe. 

We should also notice the dividing engine, by Bird, for deter- 
mining the thickness of the glass plates, and other small distances. 

An attendant*, ‘‘Kichard,” appears occasionally, to help in 
turning the electrical machine, or in pulling the strings which 
made or broke the electrical connexions ; and sometimes he is even 
asked his opinion as to the comparative jitrength of two electric 
shocks*!'. But there is no record of any otJier person having 
being admitted into the laboratory during the series of experi- 
ments to which we now refer. 

The authority of Cavendish in electrical science was of course 
established by his paper of 1771, and accordingly we find him 
nominated by the Royal Hociety as one of a*, committee appoii;^ted 
in 1772 “to consider of a method for securing the powder magazine 
at Purflcet J.” ^ 

A powdei’ mill at Brescia having blown up in consequence of 
being struck by lightning, the Board of Ordnance applied to Mr 
Benjamin Wilson, F.R.S., who held the contract for the house- 
painting under the Board §, and who had some reputation as an 

* Arts. 242, 5G0, o(i5. f Art. 511. t 

See Franklin'a U'or/w, Vol. v, p. 4.30, note. 

§ He also painted portraits of Franklin and of Gowin Knight, as well as of 
Garrick in varioins characters. 
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electrician, for a method to prevent a like accident to their maga- 
zines at Piirflcet. Mr Wilson having advised a blunt conductor, 
and it being understood that Dr Franklin’s opinion, formed upon 
the spot, was for a pointed one, the matter was referred, in 1772, 
•to the Koyal Society, and by them as usual to a committee, who 
after oConsultation presented a method, conformable to Dr Frank- 
lin’s theory 

The Committee consisted of Cavendish, Dr, afterwards Sir 
William Watson ; Dr Franklin, Mr J. Robertson (Clerk and 
Librarian to the Royal Society) ; Mr Wilson and Mr Delaval. 

Dr Franklin read to the Committee a paper which is printed 
in his works, Vol. v, p. 435, but is not referred to in the report of 
the Committee, though the report is entirely in conformity 
with iti“. 

The Committee went down to Purfleet and examined all 
the buildings together, but I cannot trace any evidence that 
Cavendish did anything to modify the report, and Franklin does 
not mention him in any part of his writings, as one of the 
remarkable men with whom he was brought in contact. 

The most noteworthy incident of the (Committee was the 
dissentj of Mr Wilson, to wliidi Mr Delaval adhered as regards 
that part of the report which recommended the conductors to be 
pointed. Mr Wilson followed up his dissent by a paper §, in 
which he gave his reasons for preferring blunt conductors ; but the 
other four members of the Committee, Messrs Cavendish, Franklin, 
Watson, and Robertson, having heard and considered these objec- 
tions, found no reason to change their opinion or vary from their 
Report 11. ^ 

But on the 15th May 1777, the Board House at Puideet was 
struck by lightning, and some of the brickwork damaged. This 
being communicated by the Board of Ordnance to the Royal 
Society 1[, a Committee was appointed to examine the effects of 
the lightning and to report. 

♦ PhiL Tram., 1772, p. 12. 

t '{he report is printed in Franklin's Works, Vol. v, p. 4130, and is there stated 
to be “Drawn up by Benjamin Franklin, August 21, 1772.” The paper on the 
utility of long, pointed rods is staled to liave been read on August 27th, 1772. 

J 76., p. 48. § 76., p. 49. :j 76., p. Oh. % 76., 1778, p. 232. 
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The Committee consisted of Mr llenly, Mr Lane, ]^r Nairne 
and Mr Planta, Secretary of tlie Royal Society. They reported in 
fixvour of making a channel all round the parapet and filling it 
with lead, and connecting this in four places with the main con- 
ductor on the roof of the building. 

Mr Wilson, however, dissented from this Report, and commu- 
nicated to the Royal Society an account of a most elaborate and 
indeed magnificent set of experiments conducted in the Pantheon, 
in which a cylinder 155 feet long, composed of 120 drums, and 
connected with a wire 4800 feet long, suspended on silk strings, 
was electrified, and the discliarge made to strike a model of the 
Board House at Purfleet. The experiments wore witnessed by 
King George III., and seem to have been very brilliant. The 
picture of the experiment, probably drawn by Mr Wilson, is, as a 
work of art, considerably above the average of the plates in the 
Philosophical Transactions. 

The subject was referred to a larger Committee,, consisting of 
Sir John Pringle, President of the Royal Society; Dr Watson, 
Henry Cavendisli, W. Henly, Bishop Horsley, T. Lane, Lord 
Mahon, Edw. Nairne, and Dr Priestley. 

They reported* in favour of having qn additional number of 
conductors ten feet high, terminated with pieces, of copper eighteen 
inches long, and as finely tapered and acutely pointed as possible. 

“We give these directions, ” they conclude, “being persuaded, that 
“ elevated rods are ])rcferablc to low conductors terminated in rounded 
“ ends, knobs, or balls of metal ; and conceiving, that the experiments 
“and reasons made and allcdged to the contrary. by Mr Wil:on, are 
“ inconclusive.” t 

I^have stated this incident at. some length because it does 
not appear to have been noticed by Cavendish’s biographers, and 
because it shows him cooperating with Franklin and others in an 
electrical investigation undertaken in the interest oLthe nation. - 

Cavendish’s researches on the electric current have been 
hitherto very imperfectly known, as they are only alluded to 
in his celebrated paper on the Torpedo. The private 'investi- 
gations of Cavendisli are contained in this volume, but the ex- 


rmi. Tram., 1778, p. .913. 
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ternal events which wore more or less connected with them, 
were as follows: 

On July 1, 1773, Mr Walsh communicated to the Royal 
Society his paper “ Qf the Electric Property of the Torpedo. 

•In a Letter from John Walsh, Esq., F.R.S., to Benjamin Franklin, 
Esq., JLL.D., F.R.S., Ac. R. Par. Soc. Ext., &c.” 

The following extracts will indicate the chief points of elec- 
trical interest. 

“The vigour of the fresli tjiken Torpedos at the Isle of Re was not 
able to force the torpediiial fluid across the minuti^st tract of air ; 
‘‘not from one link of a small chain, suspended freely, to another; not 
“ through an almost invisible separation, made by the edge of a pen- 
“ knife in a slip of tinfoil pasted on sealing-wax.^^ 

“The effect produced by the Torpedo when in air appeared, on 
“ many repeated experiments to be about four times as strong as when 
“ in water.” 

“The Torpedo, on this occjision, dispensed only the distinct instan- 
“ taneous stroke, so well known by the name of the electric sliock. 
“ That protracted but lighter sensation, that Torj>or or Numbness which 
“ be at tinn^s induces, and from which be takes bis name, was not then 
“ experienced from the animal ; but it was imitated with ai'tifleial cIoCt 
“ tricity, and sliewn to be i>roducible by a quick succession of minute 
“ shocks. This in the Torpedo may perhaps bo eftbeted by the suc- 
“ cessive discliarge of Ids numerous cylinders, in the nature of a running 
“ fire of musketry ; the strong single shock may l>e liis general volley. 
“ In the continued effect, As well as in the instjuitaiieous, his eyes, usually 
“ prominent, are withdrawn into their sockets.” 

Walsh shows that these phenomena “ are in no ways repug- 
nant to the laws of electricity,'^ for “the same quantity of electric 
matter, according as.it is used in a dense or rare state, will pro- 
duce the different, consequences." 

•“ Let^nie here remftrk that the sagacity of Mr Cavendish in devising 
“ and his address in executing electrical experiments, led 1dm first 
“ to experience with artificial electricity, that a shock could be reoeived 
“ from a charge which was unable to force a passage through the least 
“ space of air.” 

' WaTsh^. concludes his letter to Franklin in the following 
terms 

“I .fbjoice in addressing these communications to You. He, who 
“ pr^ioted and shewed that electricity wings the formidable bolt of the 
“atmosphere, will hear with attention, that in the deep it speeds an 
“ humbler bolt, silent- and invisible : He, who analysed the electrified* 
“ Phialii will hear with pleasure that its laws prevail in animate I*hials ; 

' W’ ■’ d 
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*^He, who by Kcason became an electrician, will hear with^, reverence 
an instinctive electrician, gifted in his bii-th with a wonderful 
“ apparatus, and with the skill to use it*. 

“However I may respect your talents as an electrician, it is cer- 
“tainly for knowledge of more general impor^ that I am impressed 
“ with that high esteem, with which I remain, 

“ Dear Sir, 

*‘Your affectionate 

“And obedient servaiiL, 

“JOHN WALSH.” 

This paper is followed in tlie Philosophical Transactions by 
“Anatomical Observations on the Torpedo,” by John Hunter, 
F.RS., in which the great anatomist describes the structure of 
the electric organs, in specimens of the fish furnished by Mr 
Walsh. 

Considerable interest seems to have been excited by this 
account of the Torpedo, and several papers on the Torpedo and 
the Gymnotus are in the Philosophical Transactions for 1775, 
none of them, however, so valuable as the original one by 
Walsh. 

The practical electricians, however, WQre by no means satis- 

• That the electrical fishes still possess the powc;c of exciting the imagination 
as well as the nerves of those who have felt their power may be seen from the 
following passage with which Prof. Du Bois Rcymond begins his account of ex- 
periments on a living Malapterurus in the Monatsberichte d. k, Acad. Berlin, 28 
Jan., 1858. 

**Fast mbchte man es, im Sinne 'Newton’s, eine Anwandlung der Natur nennen, 
**dass ea ibr gefallen hat, aus der Unzahl der Geschopfe drei Fische, und zwar 
“der verschiedensten Art, nach Willkiir hcrauszugrcifen, um sie mit elcktromo- 
“torischen Vorrichtungen von furchtbarcr Gewalt als eine Wailc auszustatten, 
“ neben welcher der Giftzahu der Elapperschlange, ja dib nordamericanl^cho Dieh- 
“ pistole, als eine plumpe und armselige Erfindung erscheint; cine Waffe die, ohne 
“ihren Tragor der Gefohr blosszustollen, lautlos und mit Blitzesschnelle in die 
**Entfemung reicht, und minutenlang eine secundendicht gedrangte Reihe von 
“ Geschossen schleudcrt, dcren keines felilen kann, well alle auf alien Punkten des 
“ Raumes gleichzeitig vorhauden sind.” 

In the Journal of Anatomy and Physiology for April, 1879, is a Note on a 
Curious Habit of the Malapterurus Electricus, by A. B. Stirling. The author at- 
tempted to feed Joe (the Malapterurus) with fresh worms, but he would not look at 
them. Another fish, however, called Dick (Clarias), swallowed them. When Joe 
considered that Dick had enjoyed his breakfast long enough, he swam up to him 
and gave him such a shock that the whole was disgorged, whereupon Joe swallowed 
it himself. When Dick at last succumbed to this treatment, Joe could no longer 
get his food prepared for him, and gave up eating altogether. 
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fied thalj the effects of these fishes were really produced by 
electricity. 

Mr Ronayne has made a curious remark upon the supposed elcc- 
“ tricity of the torpedo : lie says, ‘ if that could be proved, he does not 
• “‘see why we might not have storms. of thunder and lightning in the 
‘‘‘depths of the ocean. Indeed, I must say, that when a Gentleman 
“‘caA so far give up liis reason Jis i9o believe the possibility of an 
“‘accumulation of electricity amouff coiuhictors sufficient to produce 
“‘the efibets ascribed to the Torpedo, he need not hesitate a moment 
“‘to embrace as truths the grossest contradictions that can be laid 
“ ‘before him’^.’ ” 

I am aware of only two occasions on which Cavendish, after he 
had settled his own opinion on any subject, thought it worth his 
while to set other people right who differed from him. One 
of these occasions was in 1778, when his experiments on the 
formation of nitric acid by the electric spark from phlogisticated 
and dephlogisticated air (nitrogen and oxygen) had been repeated 
without success by Van Marum with the great Teylerian electri- 
cal machine, and by Lavoisier and Monge, and when Cavendish 
‘‘ thought it right to take some measures to authenticate the truth 
of it.” For this purpose he requested Mr Gilpin, clerk to the 
Royal Society, to repeat the experiment, and desired some of the 
gentlemen most conversant with these subjects to be present 
at putting the inaterials together, and at the examination of the 
produce 

The other occasion, with which^alone we are now concerned, 
is the only o]ie in which the presence of visitors to Cavendish’s 
Ifiboratory is recorded. There can be no doubt that Cavendish 
had cons pletely satisfied not only Mr Walsh, but what was more 
to the purpose, himself, that the electric phenomena of the 
torpedo are such as might arise from the discharge of a large 
quantity of electricity at a very feeble degree of electrification. 
It must therefore have been to satisfy other persons on this 
point that he took the trouble to construct an artificial torpedo 
of wood covered with leather, a rude model of the figure given 

••Extract from MS. letter of W. Henly, dated 21 May, 1775, in the Canton 
Papers in the Royal Society's Library, Communicated to the editor by H. li. 
Wheatley, Esq. 

t Phil. Trans. 1788. 

d2 
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by JSV'alsli, with electric organs of pewter supplied with*" electri- 
city from a battery of Leyden jars, by wires protected by glass 
tubes. 

The accessories of this machine were ecjually unlike the kind 
of apparatus which Cavendish made when working for himself. 
The torpedo liad a trough of salt water, tlie saltness of which 
was carefully adjusted, so as to be equal to that of the sea. 
It had Jilso a basket to lie in, and a bed of sand to be buried 
in, and there were pieces of sole-leather, well soaked in salt water; 
which Cavendish placed between the torpedo and his hands, so 
that he might form some idea of what would happen if a tra- 
vellqr with wet shoes were to tread on a live torpedo half buried 
in wet sand. 

It was on Saturday, 27th May, 1775, that Cavendish tried 
the effect of his Torpedo on a select company of men of science. 
We find in the Journal (Art. GDI), the names of John Hunter, the 
great anatomist, Dr Joseph Priestley, chemist, electrician and ex- 
pounder of human knowledge in general, Mr Thomas Ronayne, 
from Cork, the disbeliever in the electrical character of the 
torpedo, ]\lr Timothy Lane, apothecary and electrician, and Mr 
Edward Nairne, the eminent maker of philosophical instruments. 

They got shocks from the torpedo to their complete satis- 
faction, and probably learnt a good deal about electricity, but it 
was neither to satisfy them nor to communicate to them his 
electrical discoveries, that Cavendish admitted them into his 
laboratory on this memorable occasion, but simply to obtain 
the testimony of these eminent men to the £uct, that th^„shocVs 
of the artificial torpedo agreed in a sufficient manner with Walsh’s 
description of the effects of the live fish, to warrant the hypo- 
thesis that the shock of the real torpedo may Jilso be an electrical 
phenomenon. 

I have now related all that I have been able to ascertain of 
the external history of Cavendish, in so far as it bears on his 
electrical researches. We must in the next place consider the 
record of these researches — the two papers in the Philosoplacal 
'transactions, which are here reprinted, and the manuscripts now 
first pnblislied. 
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In the Philosophical Transactions for 1771 there is a paper 
entitled “An attempt to explain some of the principal Phsenomcna 
of Electricity by Means of an Elastic Fluid ; By the Honourable 
Henry Cavendish, E.R.S.” [Read Dec. 19, 1771, and Jan. 9, 1772, 
pp. o84 — 677.] This paper and that on the Torj^edo (Phil. Trans. 
1770) are tlie only publications of Cavendish relating to electricity. 

Dr George Wilson, however, in his Life of Cavendish * saysj 

“ Besides his two published papers on electricity, C^ivendish has 
left behind him some twenty packets of manuscri])t essays, more or 
“ less comi)]ete, on Mathematical and Experimental Electricity. Tliese 
papers are at present in the hands of Hir W. Snow Harris, who most 
“kindly sent me an abstract of tliein, wM’th a commentary of great 
“ value on their contents. It will I trust be made public. 

“ 8ir W. states that Cavendish liad really anticipated all those great 
“ facts in common electricity which were subse(juently made known to 
“ the scientific world through the investigations and writings of the 
“ celebrated Covdomb and other jihilosophers, and had also obtained the 
“more immediate results of experiments of a refincjd kind instituted in 
“ our own day.^* • 


Sir William Thomson, to whom Sir William Snow Harris 
showed some of Cavendish’s results, thus speaks of them in a note 
dated Plymouth, Monday, July 2, 1849. 


“Sir William Snow Harris has been showing me Cavendish’s un- 
“^publiStied MSS., pift in his hands by Lord Burlington, and his work 
“upon them; a most valuable mine of results. I find already that 
“ the capacity of a disc (circular) was determined experimentally by 


“Cavendish as of that of a sphere of same radius. 


Now 


2 a 

“ have capacity of disc — - a — • ’’ 

“It is much to be desired that those manuscripts of Cavendish 
“ should be publislicd complete ; or, at all events, that their safe keeping 
“ and accessibility should be secured to the world t.” 


• Worli8 of tlw Cavendish Fiociety^ Vol. i. Life of Cavendish^ by George 
Wilson, M.D., P.R.S.E., London, 1851, p. 469. 

t llepriiit of rapers on Electrostatics and Maynctism, § 235, foot*notc. 
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The Cavendish Society, for whom Dr Wilson prepared his Life 
of Cavendish, with an account of his chemical researches, did not 
consider that it came within their design to publish his electrical 
researches. ^ 

Sir W. Harris, in whose hands the manuscripts were placed by 
the Earl of Burlington, diedf in 1867. He makes several refer- 
ences to them in his work on Frictional Electricity, edited after 
his death by Charles Tomlinson, F.R.S., and published in 1867*, 
but he did not live to edit the manuscripts themselves. Under 
these circumstances it was thought desirable by Sir W. Thomson, 
ilr Tomlinson, and other men of science, that something should be 
done to render the researches of Cavendish accessible. 

They accordingly represented the state of the case to the Duke 
of Devonshire, to whom the manuscripts belong, and in 1874 he 
placed them in my hands. 

I could find no trace of Sir W. Harris’ commentary referred to 
by Dr Wilson, except that Dr Wilson mentions having returned it 
to Sir W. Harris. 

On the inside of the lid of the box which contained the manu- 
scripts was pasted a paper in the handwriting of Sir W. Harris, of 
which the following is a copy. 

“ The several parcels of manuscript papers by the late Mr Cavendish, 
“ which the Earl of Burlington did me the honor to placo in my hands 
“ with a view to an examination and report on thtir contents may be 
‘‘ taken at 24 in number. Twenty of these contain sundry Bhilo- 
“ sophical papers on Mathematical and Experimental Electricity, and 
“ Four sundry other Papers relating to Meteorology. 

“All these Papers are more or less confused as to systematic arrange- 
“ ment, and require some considerable attention in decyphering. They 
are in many instances rather notes of experiments and rough drafts 
“ intended as a basis for more perfect productions than finished Philo- 
“ sophical Papers. 

“ They are nevertheless extremely valuable and most interesting as 
“ evidence of Mr Cavendish’s great Philosophical t , and clearly 

“ prove that he had anticipated nearly all those great facts in common 
“ electricity which at a later ])eriod were made known to the scientific 
“ world through the writings of Coulomb and the French philosophers. 

* P. 23 (straw electrometer), p. 45 (globe and hemispheres), p. 58 (specific 
inductive capacity), p. 121 (measures of electricity), p. 208 (law of force), p. 22.3 
(iiiduction at a great distance). 

t So in MS. 
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Papers on Electricity, 

“Of the 20 parcels of papers on electricity 18 belong to the years 
“ 1771, 1772 k 1773, and have never yet appeared in print; the 
“two remaining parcels are dated 1775 and 1776, and are evidently 
“connected with the* author’s celebrated paper on the Torpedo pub- 
“ lished in the Royal Society's Transactions for 1776, The papers 
“belonging to the years 1771, 1772 (b> 1773 consist of six papers on 
“ Matliematical Electricity, nine experimental papers, one of Diagrams 
“and Figures, the remainder are of a miscellaneous character, and 
“contain some interesting Notes and Remarks and Thoughts on 
“ Electricity.” 

On examining the 20 parcels of manuscripts I found their con- 
tents to be as follows : 

No. 1. MS.p. 1— 10. 

Apparently an early form of the ** Preliminary Propositions.” 
No. 2. MS. p. 1—31. 

Draft of “ Preliminary Propositions” as far as Prop, xxiii. 

No. 3. MS. L. 3 to L. 23. Contains the same propositions in a 
less complete form and not numbered, also two drafts of 
the propositions on coated plates, each 12 pp., and 38 loose 
pages of drafts of propositions, and jottings of algebraical 
calculations. 

No. 4. MS. p. 1—48. The fair copy of the “Preliminary Propo- 
sitions.” Props. XXIX. to xxxvi. Refers to figs. 1 to 10 of 
No. 15. See Arts. 140 — 174. 

No. 5. MS. p. 1 — 20. “Appendix.” Refers to fig. 11. See Arts 
.175—194. 

J^o. G. ^“Computations for explanation of experiments.” 

MS. p. 1 — 15. Drafts of the propositions. 

16 pages of computations. “B. 17.” Charge of a sphere within 
a concentric sphere. [This is placed here as a note at p. 166.] 

“Attractions of elect, bodies more accurate,” p. 1 — 4. 

No. 7. MS. D. 1 to D. 13. Fair copy of First and Second Experi- 
ments. Refers to Figs. 12, 13. See Arts. 217 — 235. 

Draft of do marked “DIA.” 

No*. 8. MS. p. 1—7. Refers to Fig. 31. See Arts. 386—394. 

No. 9. MS. p. 1 — 51. Continuation of Experiments. See Arts. 
236—294. 
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No. 10. MS. p. 52 — 132. Part * of Experiments. See Arts. 
295—385. 

No. 11. MS. p. 1—8. lA. p. 10 A. 8, 9. p. 29 A. p. 32 A. 
1 and 2. p= 57—64. p. 85, 86. p. 91—96. p. 103—108. 
p. 119—126. p. 133—138. p. 141, 142. p. 156—166. 
All drafts of portions of tlie Account of Experiments. 

No. 12. "Experiments 1771,” MS. p. 1 — 24. See Arts. 438 — 
465, also 14 loose sheets of calculations and measurements. 

No. 13. "Experiments 1772,” MS. p. 1 — 29. See Arts. 466 — 493. 
M. 1 to M. 13. Measurements of glasses, &c. See Arts. 
592—595. 

No. 14. Experiment 1773, MS. p. 1 — 135. See Arts. 494 — 580. 
Index to elect, exper. 1773 p. 1 — 8. See Contents. 

Dimensions of trial plates, 4 pages. 

No. 15. Figures and Diagrams. 


1 to 10 refer to Preliminary propositions 

No. 

4 

11 


Appendix 

No. 

3 

12 „ 13 

1) 

)> Exp. 1 

No. 

7 

14 „ 19 

» 

„ Experiments, Part 1’ 

No. 

9 

20 „ 27 


„ „ Part 2 

No. 10 

30 

ff 

„ Electrometer 

No. 

9 

31 

ff 

„ Ecpulsion 

No. 

8 


No. 16. ."Kesult.” MS. p. 1—21. See Arts. 647—683. 

No. 17. "Notes.” 4 pp. notes to "Thoughts concerning Electricity.” 
These are inserted in their proper places. Arts. 196 — 216. 
MS. p. 1 to 15. Drafts of propositions for the paper of 1771, 
but founded on the theory stated ‘in the “Thoughts.” They 
are given in Note 18, p. 411. 

No. 18. “Thoughts concerning Electricity,” MS. p. 1 — 16. Sec 
Arts. 196—216. 

No. 19. Resistance to Electricity, MS. p. 1—23. See Arts. 616 — 
631. “Res.” Results of ditto p. 1 — 4. See Arts. 684 — 696. 
Resistance of Copper wire, p. 1 — 38. See Arts. 636 — 646. 
No. 20. Experiments with the artificial Torpedo, p. 1 — 26. See 
' Arts. 576 — 615. M. 1 to M% 42. Measurement of Leyden 

* So in MS. 
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jar% and batteries and of thickness of plates. See Arts. 
581 — 592. “Extract from Dr Williamson’s exper. on elect. 
Eel made in July 1773” p. 1 to 14 + 4 pp. (See PhiL 
Trans., 1775, •p. 94.) 

In^Art. 349, p. 172 of this book, Cavendish uses the expression 
“when I wrote the second part* of this work.” It appears from 
this that he meant it for a book, not a paper to be communicated 
to the Royal Society. Several portions of this book are contained 
in the manuscripts, but the order in which they were intended 
to be j)laced can be discovered only by help of the figures and 
diagrams, which arc numbered from 1 to 31. 

From these it aj)pears that wc must begin with No. 4 and No. 5, 
the Preliminaiy Propositions*!* and the Appendix^. The Prelimi- 
nary Propositions refer to the printed paper of 1771. Tlie last 
proposition in that paper is numbered xxvii., and the first in the 
MS. is xxrx., so that one propositioix appears to be missing, but 
as there are several drafts, in all of winch the first proposition 
is numbered xxix., it is probable either that Prop XXVTII. is not 
lost, but niu.st be sought for among the enunciations in the second 
part of tlie printed paper, or else that (Cavendish made a mistake 
in numbering his^propositions. 

The Lemmas, however, are numbered consecutively, the last in 
th(3 printed paper being Lemma xi, and the first in the MS. 
Lemma Xli. 

The other mathematical manuscripts are either drafts of these 
propositions or jottings of calculations not intended for publication. 

The paper entitled “Thoughts concerning clectricity”§ (No. 18) 
is placed next. It fonns a suitable introduction to the account of 
the experiments, as it indicates the leading ideas of Cavendish’s 
researches. The paper has no date, but its contents show that it 
is an earlier form of the theory of electricity, which Cavendish had 
already abandoned before he wrote the paper of 1771. The pro- 

J This seems to refer to the second part of the paper in the Phil. Trans., 1771, 
p. 670, or Art. 132 of this edition, and shows that this paper was intended to 
form the first part of the “ Work.’* 

t Arts. 140 to 174. t Arts. 175 to 194. 

§ Arts. 195 to 216. 
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positions in No. 17 belong to this form of the theory, and" are given 
in Note 18. 

We have next the account of the experiments, the order of 
which is 


No. 

7 

Figs. 12 to 13 

Exp. I. and ii. Arts. 217 to 235 

No. 

9 

Figs. 14 „ 19 

‘£xps. III. to VIII. Arts. 236 „ 

294 

No. 10 

Figs. 20 „ 30 

Arts. 295 „ 

385 

No. 

8 

Fig. 31 

Arts. 386 „ 

394 


The style in which these papers are written leaves no doubt 
that they were intended to form a book, and to be published. 
They are given here without any alteration except in the case of a 
few abbreviations the meaning of which Is either obvious or is 
explained in some other part of the MS. I have also divided 
them into articles for the sake of more convenient reference. All 
additions to the MS. are enclosed in square brackets. 

After this I have placed the paper on the Torpedo from the 
Philosophical Transactions for 1776. This, I think, is the whole 
of the *‘work” which is extant, but it is by no means a complete ac- 
count of Cavendish’s electrical researches. There are three forms 
in which Cavendish recorded the results of his experiments : 

1st. A Journal containing notes of every observation as it 
was made, with the particulars of the experiments, and measure- 
ments of the apparatus. 

2nd. ’“Results,” containing a comparison of the different 
measures of quantities as recorded in the Journal, and a deduction 
of the most probable result. See Arts. 647 — 696. 

3rd. An account of the experiments written for publifiation. 

I have reproduced the journals for 1771* and 1772 ■(’ entire, 
because they form a good example of Cavendish’s method of work, 
and because they contain all the data of some of the most import- 
ant electrical measurements. 

The journal for 1773f is much larger than the others, and gives 
an account of many interesting and important researches. 

Many pages of this journal, however, are filled with the details 
of the experiments for the comparison of the coated plates which 


• Arts. 438 to 405. 


t Alts. 466 to 493. 


t Arts. 494 to 580. 
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Cavendlsbused as standards of capacity. These experiments differ 
in no respect from those in the former journals, and all the conclu- 
sions which Cavendish deduced from them are stated by himself in 
^the “Results.” I haye therefore thought it best to omit them from 
the journal, but to retain Cavendish’s heading of each experiment 
and its date when known, and to make the numbers of the omitted 
articles run on continuously with those retained. 

Many of the entries in the journals give the day of the week 
and of the month, but very few of them give the year. I have 
therefore ascertained in what years the stated days of the week 
and month coincided, and have inserted the most probable year 
within square brackets. It thus appears that the journal entitled 
“Experiments in 1773” begins with experiments made in October, 
1772. Cavendish .appears, however, to have got wrong in his 
reckoning for a good many days together during that month. 
See Art. 502. 

It is somewhat difficult to .account for the feet, that though 
Cavendish had prepared a complete description of his experi- 
ments on the charges of bodies, and had even taken the trouble to 
write out a fair copy, and though all this seems to have been 
(lone before 1774, and ho continued to make experiments in 
ekjctricity till 17'81, and lived on till 1810, he kept his manu- 
script by him .and never published it. It was not till 1784 that 
he communicated to the Royal Society those “ Experiments on 
Air,” including the production of water and of nitric acid, the 
absorbing interest of which might perhaps account for some 
ncjglect j)f his electrical writings. 

Cavendish cared more for investigation tlian for publication. 
He would undertake the most Laborious researches in order to 
clear up a difficidty which no one but himself could appreciate, or 
was even aware of, and wo cannot doubt that the result of his 
eiKpiiries, when successful, gave him a certain degree of satisfac- 
tion. But it did not excite in him that desire to communicate the 
discovery to others which, in the case of ordinary men of science, 
geiiferally ensures the publication of their results. How completely 
these researches of Cavendish remained unknown to other mea 
of science is shown by the extern.'d history of electricity. 
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Viscount Malion, afterwards Lord Stanhope, a msfti of great 
ingenuity and fertility in invention, a pupil of Le Sage of Geneva, 
and the inventor of the printing press which bears his name, 
published in 1779 his Principles of Electricity. The theory, 
developed in this book is that 

c 

‘‘A positively electrified body surrounded by air will deposit 
“ upon all the particles of tliat Air which shall come successively into 
“ contact with it, a j)roportional part of its superabundant Electricity, 
‘‘ By which means, the ^1/r surrounding that body will also become 
posit Ivehj electrified: that is to say, it will form round that positive 
“ body, an electrical atinosjdiere, which wdll likewise be positive.” (p. 7.) 

*'Tliat the electrical Density of all such Atmospheres decreases, 
‘‘ when the distance from the charged Body is increased.” (p. 14.) 

He tlien proceeds to determine the law of the density of 
tlie electrical atmospljere, as it depends on the distance from 
the charged body. He assumes that if a cylinder with hemi- 
spherical ends is placed in the electrical atmosphere of a charged 
body, the density of the electricity at any part of the cylin- 
der will depend on the density of the electrical atmosphere in 
contact with it. 

He also shows by experiment that if the cylinder is insulated, 
and originally without charge, it does not bfjcome charged as 
a whole by being immersed in the electrical atmosphere of a 
charged body. ’ Hence, wlien the electricity of the cylinder is 
disturbed, the whole positive charge on one portion of the surface 
is numerically equal to the whole negative charge on the other 
portion. , ^ , 

Now if the density (on the cylinder) were inversely as the 
distance from the charged body, a transverse section of the 
cylinder whose distance from the charged body is tbe geometric 
mean of the distances of the ends, would divide the charge into 
two equal parts (both of rourse of the same kind of electricity), 
but if the density were inversely as the square of the distance, 
the distance of the section which would bisect the charge would 
bo the harmonic mean of the distance of the ends. In all* this 
he tacitly confounds the point of bisection of the charge with the 
neutral point. 
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He tten shows by experiment that the actual position of 
the neutral point agrees sufficiently well with tlie harmonic 
mean, but not with the geometric mean, and from this he con- 
cludes (p. (jo), 

“Consequently, it evidently appears, from what was said above, 
“ that. the Dfjnsity of the Jilectricity, of the electrical Atmosphere (in 
“ which the said Body A, B was immersed) was i]i the inverse Ratio of 
“ the square of the Distance.” 

It is evident from this that Lord Mahon was entirely ignorant 
of everything which Cavendish had done. 

About the close of the century Dr Thomas Young, whose ac- 
quaintance with all branches of science was as remarkable for its 
extent as for its profundity, says of this neutral point : 

“It vvas from the situation of this point that Lord Stanhope first 
“ inferred the true law of the electric atti*actions and reiiulsions, althou^'h 
“ Mr Cavendish had before suggested the same law as the most probable 
“ supposition. ” (Lecture LII J . ) 

The same writer, in his “ Life of Cavendish,” in the Supple- 
ment to the Enctfclopwdia Britannicay gives the following account 
of the first paper on electricity. 

“3. An Attempt to ^explain some of the prineiptil Phenomena of 
“ Electrklty by me<^ns of an Elastic Fluid {PhlL Trails, 1771, p. 584.) 
“ Our author’s theory of electricity agrees with that which had been 
“ published a few years before by ri<]pinus, but he has entered more 
“ minutely into the details of calculation, showiiig the raanuor in which 
“ the su])posed fluid must be distributed in a variety of cases, and 
“ e.xplaiiiing the phenomena of electrified and charged substances as 
“ they are actually observed. There is some degree of unnecessary 
“ complication from the great generality of the determinations ; the 
“ Jaw oCclcctric attra?;tioii and re]mlsion not having been at that time 
“fully ascertained, although Mr Cavendish inclines to the true sup- 
“ position, of forces varying inversely as the square of the distance : 
“ this deficiency he proposes to supply by future experiments, and leaves 
“ it to more skilful mathematicians to render some other parts of the 
“theory still more comjilete. He probably found tliat the necessity 
“ of the experiments, which he intended to pursue, was afterwards 
“ superseded by those of Lord Stanhope and M. Coulomb ; but he 
“ had carried the mathematical investigation somewhat farther at a 
“ later period of his life, though he did not publish his papers ; an 
“ omission, however, which is the less to bo regretted, as M. Poisson, 
“ assisted by all the improvements of modern analysis, has lately treated 
“ the same subject in a very masterly manner. The acknowledged im- 
“ perfections, in some parts of Mr Cavendish’s demonstrative reasoning, 
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‘have served to display the strength of a judgment and sagacity still 
‘ more admirable than the plodding labours of an automatical calcu- 
‘lator. One of the corollaries* seems at fii’st sight to lead to a mode 
‘ of distinguishing positive from negative electricity, which is not justi- 
‘ fied by experiment ; but the fallacy ap]>ears Jo be referable to tho^ 
‘ very comprehensive character of the authoi*^s hypothesis, which re- 
quires some little modification to accommodate it to the actual cir- 
cumstances of the electric fluid, as it must be supposed to ekist in 
“ nature.” 

No mail was better able than Dr Young to appreciate the 
scientific merits of Cavendish, and it is evident fliat he spared 
no pains in obtaining the data from which he wrote this sketch 
of his life, yet this account of his electrical researches shows a 
complete ignorance of Cavendish s nnpuhlished work, and . this 
ignorance must have been shared by the whole scientific world. 

Dr Young, as it appears from the above extract, was aware 
of the existence of unpublished papers by Cavendish relating 
to electricity, but he supposed that these papers were entirely 
mathematical, and that “he probably found that the necessity 
of the experiments which He intended to pursue was afterwards 
superseded by those of Lord Stanhope and M. Coulomb.” 

We now know that the luipublislied mathematical jiapcrs were 
entirely subsidiary to the experimental ones, and it is plain from 
Art. 95 that Cavendish luxd actually made some of his experiments 
before the paper, of l^TTl, and that all those on electrostatics were 
completed before the end of 1773. 

The favourable reception which Lord Stanhope*s very inter- 
esting and popular experiments met with may liavc influenced 
Cavendish not to publish his own, but his estimate of their 
value as a foundation for a theory of electricity may be gathered 
from the fact, that in his “Thoughts concerning Electricity,” 
which appears to bo his earliest writing on the subject, he de- 
votes two pages (Arts. 1 95—198) to the refutation of the very 
theory of electric atmospheres which is the basis of Lord Stan- 
hope’s reasoning; whereas in the paper of 1771, which con- 
tains his more matured views, he does not even allude to that 
theory. 


Art. 49 and Note 1. 
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It wa^ not till 1785 that the first of the seven electrical 
memoirs of M. Coulomb was published. The experiments 
recorded in these memoirs furnished the data on which the 
mathematical theory /)f electricity, as we now have it, was 
actually founded by Poisson, and it is impossible to oyeresti- 
matc the delicacy and ingenuity of h^ apparatus, the accuracy 
of his observations, and the sound scientific method of his 
researches; but it is remarkable, that not one of his experi- 
ments coincides with any of those made by Cavendish. The 
method by which Coulomb made direct measurements of the 
electric force at different distances, and that by which he com- 
pared the density of the surface-charge on different parts of con- 
ductors, are entirely his own, and were not anticipated by Caven- 
dish. On the other hand, the very idea of the capacity of a 
conductor as a subject of investigation is entirely due to Caven- 
dish, and nothing equivalent to it is to be found in the memoirs 
of Coulomb. 

The leading idea which distinguishes the electrical researches 
of Cavendish from those of his predeeSfessors and contemporaries, 
is the introduction of the phrase “degree of electrification” with 
a clear scientific definition, which shows that it is precisely equiva- 
lent to what we now call potential. 

In his first published paper (1771), he begins at Art. 101 
by giving a precise sense to the terms “positively and nega- 
tively electrified,” which up to that time had been in common 
use, but were often confounded with tlie terms “ over and under 
charged,” and in Art. 102 he defines what is meant by the '^de- 
gree of efectrification.” 

We find the same idea, however, in the much earlier draft of 
his theory in the “Thoughts concerning Electricity,” Art. 201, 
where the degree of electrification is boldly, if somewhat pre- 
maturely, explained in a physical sense, as the compression, 
or as we should now say, the jwessure, of the electric fluid. 

We can trace this leading idea through the whole course of 
the electrical researches. 

He shows that when two charged conductors are connected . 
by a wire they must be electrified in the same degree, and he 
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devotes the greater part of his experimental work to* the com- 
parison of the charges of the two bodies when equally elec- 
trified. ^ 

He ascertained by a well-arranged series of experiments the 
ratios of the charges of a great number of bodies to that of a 
sphere 12*1 inches in dianjeter^ and as he had already proved that 
the charges of similar bodies are in the ratio of their linear dimen- 
sions, he expressed the charge of any given body in terms of 
the diameter of tlie sjdicTe, wliicli, when equally electrified, would 
have an equal charge, so tliat when in his private journals he 
speaks of the charge of a body as being so many ‘'globular inches/* 
or more briefly, so many “indies of electricity,” he means that 
the capacity of the body is equal to that of a sphere whose 
diameter is that n umber of inches. 

In the present state of electrical science, the capacity of a 
body is defined as its charge when its potential is unity, and the 
capacity of a sphere as thus defined is numerically equal to its 
radius. Hence, when Cavendish says that a certain conductor 
contains n inches of electricity, we may express his result in 
modern language by saying that its electric capacity is inchcvS. 

In liis early experiments he seems to have endeavoured to 
obtain a number of conductors as different as^ possible in form, 
of which tlic capacities should be nearly equal. Tims we find 
him comparing a pasteboard circle of 19*4 inches in diameter 
with his globe of 12‘1 inches in diameter, but finding the clip-rge 
of the circle greater than that of the globe, he ever after uses a 
circle of tin plate, IS*.") inches in diameter, the capacity of \frhich 
he found more nearly equal to that of the globe. ‘ ‘ 

In like manner the fir^t wire that he used was 96 inches long 
and 0*185 diameter, but afterwards he always used a wire of the 
same diameter, but 72 inches long, the capacity of which was 
more nearly equal to that of the globe. . 

* He also provided himself with a set of glass plates coated 
with circles of tin-foil on both sides. These plates formed three 
sets of- three of e(|ual capacity, the capacities of the thr^ sets 
being as 1, 3 and 9, with a tenth coated plate whose capacity 
was as 27. 
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Bcsideis these he had ‘"double” plates of very small capacity 
made of two plates ^f glass stuck together, and also other plates of 
wax and rosin, the inductive capacity of these substances being, 
^s he had already found, less than that of glass; and jars of larger 
capacity, ranging up to his great battery of 49 jars, whose capacity 
was 321000 “inches of electricity.'” In estimating the capacity 
of his battery, he used tine method of repeated touching with a 
body of small <3apacity. (Arts. 412, 441, 582.) This method is 
the same as that used by MM. Weber and Kohlrausch in their 
classical investigation of the ratio of the electric units*. 

Thus the method of experimental research which Cavendisli 
iidhered to was the comparison of capacities, and the formation ol’ 
a graduated scries of condensers, such as is now recognised as the 
most important apparatus in electrostatic measurements. 

We have next to consider the steps by which he established 
the accjrTacy of his theory, and the discoveries he made respecting 
the electrical properties of different substances. 

Cavendish himself, in his description of his experiments, has 
shown us the order in which he wishes us to consider them. The 
first experiment f is that of the globe within two hemispheres, 
from which he proves that the electric force varies inversely 
as the square of tl^ distance, or at least cannot differ from 
that ratio by more than a fiftieth part. The degree of ac- 
curacy of all the experiments was limiteef by the sensitiveness 
pf th® pith ball electrometer which he used. Bennett’s gold 
leaf electrometer, which is much more sensitive, was not intro- 
d^egd till 1787, but in. repeating the experiment we can now use 
Thomson’s Quadrant electrometer, and thereby detect a deviation 
from the law of the inverse square not exceeding one in 72000. 
See Note 19. > 

The second experiment. Art. 235, is a repetition of the first 
with bodies of different shape. 

The third experiment, Art. 265, shows that in comparing the 

charges of bodies, the place where the connecting wire touches the 

€ 

' Elektrodi/nmninelui Miinutestinmungen, Abh. jv. p. 235. 
t Arts. 217 to 235. 
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body, and the form of the connecting wire itself, are matters of 
indifference. 

The fourth experiment, Art. 2G9, shows that the charges of 
bodies of the same shape and size, but of different substances, are^ 
equal. 

The fifth, Art. 273, compares the charge of a large circle with 
that of two of half the diameter. According to the theory the 
charge of the large circle should be equal to that of the two small 
ones if they are at a great distance from each otlier, and ecjual to 
twice that of the small ones if they are close together. Cavendish 
tried them at three different distances and compared the results 
with his calculations. 

The sixth experiment, Art. 279, compares one long wire with 
two of half the length and half the diameter, placed at different 
distances. 

The seventh. Art. 281, compares the charges of a globe, a circle, 
a square, an oblong and three different cylinders, and the eighth. 
Art. 288, shows that the charge of the middle plate of three paral- 
lel plates is small compared with that of the two outer ones. 

Cavendish next describes his experiments for comparison of the 
charges of coated plates of glass and other substances, but begins 
by examining the sources of error in measurements of this kind. 

The first of these which he investigates is the spreading of 
electricity on the surface of the plates beyond the coatings of tin- 
foil. He distinguishes two kinds of this spreading, one a gradual 
creeping of the electricity over the surface of the glass, Art. 300, 
and the other instantaneous. Art. 307. 

He attempted to check the first kind by varnishing the glass 
plates and by enclosing their edges in a thick frame of cement, 
but he found very little advantage in this method, and finally 
adopted the plan of performing all the operations of the experi- 
ment as quickly as possible, so as to allow very little time for the 
gradual spreading of the electricity. 

He next investigated the instantaneous spreading of electricity 
on the glass near the edge of the coating. He noticed that at the 
instant of charging the plate in the dark, a faint light could be 
seen all round the edges. He also observed that after charging 
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and discharging a coated plate of glass many times without clean- 
ing it, a narrow fringed ring of dirt could bo traced all round the 
coating, the space between this ring and the coating being clean, 
•and in general about ^ inch broad. 

He also observed that the flash of Jight was stronger the first 
or second times of charging a plate than afterwards. 

To determine how much the capacity of a coated plate was 
increased by this spreading of the electricity, he compared the 
capacity of a plate with a circular coating with that of the same 
plate with a new coating of nearly the same area, but cut into 
strips, so that its perimeter was very much greater than that of 
the circular coating. 

In this way he found that if wo suppose a strip of uniform 
breadth added to the coating all round its boundary, the capacity 
of this coating, supposing the electricity not to spread, will be equal 
to that of the actual coating as increased by the spreading of the 
electricity. The most probable breadth of this strip he found to 
be 0*07 inch for thick glass and 0*09 for thin. 

When this correction was applied to the areas of the coatings 
of the different coated plates, the computed charges of plates 
made of the same kind of glass were found to be very nearly 
in the same ratio as their observed charges. 

But the observed charges of coated plates were found to be 
always several times greater than the charges computed from 
their thickness and the area of their coatings, the ratio of the 
observed charge to the computed charge being for plate glass 
aboirt 8*2f for crown glftss about 8*5, for shellac about 4*47, and for 
bees* wax about 3*5. Thus Cavendish not only anticipated Fara- 
day's discovery of the Specific Inductive Capacity of different 
substances, but measured its numerical value in several sub- 
stances. 

The values of the specific inductive capacity of various sub- 
stances as determined by different modern observers are compared 
with tjiose found by Cavendish in the table in Note 27. 

To make it certain, however, that the difference between the 
observed and calculated capacities of coated plates really arose 
from the nature of the plate and not from some error in the theory, 
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Cavendish determined the capacity of a ** plate of air,” that is to 
say a condenser consisting of two circles of tinfoil on glass with air 
between them. The capacity of a plate of air was found to be 
much less than that of a plate of glass or of wax of the same 
dimensions, but it seemod^to be about in excess of the cal- 
culated value. This discrepancy will be discussed in Note 17. 

These may bo considered the principal results of the investiga- 
tions with coated plates, but the following list of collateral experi- 
mental researches will show how thoroughly Cavendish went to work. 

A question of fundamental importance in the theory of die- 
lectrics is whether the electric induction is strictly proportional 
to the electromotive force which produces it, or in other words, is 
the capacity of a condenser made of glass or any other dielectric 
the same for high and for low potentials? 

The form in which Cavendish stated this question was as fob 
lows*: — “Whether the charge of a coated plate bears the same 
proportion to that of a simple conductor, whether the electrification 
is strong or weak.” 

Cavendish, who explained the fact that the capacity of a glass 
plate is greater than that of an air plate, by supposing that the 
electricity is free to move within certain portions of the glass, 
supposed that when the plate was more strongly electrified the 
electricity would be able to penetrate further into the glass, and 
that therefore its charge would be greater in proportion to that of 
a simple conductor or a plate of air the stronger the degree of 
electrification. 

But according to the experiments he* made to answer ‘this 
questionf a coated plate and a simple conductor whose charges 
were equal for the usual degree of electrification remained sensibly 
equal for higher and lower degrees, and if, as appeared probable 
from the experiments on the spreading of electricity at the edge of 
the coating, this spreading extended further for high degrees of 
electrification than for low, it would be necessary to admit that 
the charge of a glass plate became less in proportion to tha^t of a 
simple conductor as the degree of electrification increased. Caven- 
dish, however, concluded that the experiments were hardly accurate 
* Alt. r)2l>. i Arts. 3r>5— 365. 
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enough to warrant the deduction from them of so improbable a 
conclusion. 

He also found that the result of the comparison of a coated 
• plate and a simple conductor was the same whether they were 
charged positively or negatively. 

He tried whether the capacity of a plate of rosin altered with 
the temperature, but he could not find that it did*. In glass he 
found that the capacity increased as the temperature rose, but the 
most decided increase did not occur till the glass began to conduct 
somewhat freely. Cavendish therefore does not consider the ex- 
periment quite decisive +. 

He found that the apparent capacity of a Florence flask J was 
greater when it continued charged a good while than when it was 
charged and discharged immediately, and ho found that the same 
was the case with a coated globe of glass. This phenomenon, 
which Faraday called "electric absorption,” has recently been care- 
fully studied in different kinds of glass by Dr Hopkinson§. It is 
connected with the long-known phenomenon of the “residual 
charge,” and the existence of such phenomena in many dielectrics 
renders it difficult to obtain consistent values of their inductive 
capacities; for the more rapidly the charging and discharging is 
effected the lower is the apparent value of the capacity. It is for 
this reason that condensers of glass cannot be used as standards 
of capacity when accurate measurements are desired. 

Franklin had shown 1| that the charge of a glass condenser re- 
sides in the glass and not in the coatings, for when the coatings 
weiie removed they were found to be without charge, and when 
new coatings were put in their place the condenser thus recon- 
structed was found to be charged. 

Cavendish tried whether this was the case with a chargea 
plate of air, by lifting one of the electrodes and changing the air 
between them and then replacing the electrode. He found that 
the charge was not altered during these operations, and concluded 
that the charge resides, not in the air, but in the metal plates. 

* Art. 523. t Art. 360. 

§ Vhil, Trana, 1877, p. 599. 

II Franklin's Works^ cd. Sparks, Vol. v., p. 201. 


+ Art. 523. 
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Ill Arts. 336 to 339 we find a most ingenious method* of deter- 
mining by experiment the effect of the floor, walls and ceiling of a 
room, and of other surrounding objects, in increasing the apparent 
capacity of a conductor placed in a given position in the room. 
The method consists in measuring the capacities of two conductors 
of the same shape but of different dimensions, the centre of each 
being at the given point in the room. If the experiment had been 
made with the conductors at an infinite distance from all other 
bodies their capacities would have been in the ratio of their 
corresponding dimensions, but the effect of surrounding objects is 
to make their capacities vary in a higher ratio than that of their 
dimensions, and from the measured ratio of the two capacities, the 
correction for the effect of surrounding objects on the capacity of 
any small body may be calculated. 

Cavendish also verified by experiment what he had already 
proved theoretically, that the capacity of two condensers is not sen- 
sibly altered wften'they are placed near to each other or far apart. 

But bestdes this scries of experiments on electric capacity, 
another course of experiments on electric resistance was going on 
between 1773 and 1781, the knowledge of which seems never to 
have been communicated to the world. 

In his paper on the Torpedo in the Philosophical Transactions 
for 1776 (Art. 398) he alludes to “some experiments of which I 
“propose shortly to lay an account before this Society,” but he 
never followed up this proposal by divulging the method by which 
he obtained the results which he proceeds to state — “ that iron 
“ wire conducts about 400 million times better than raii^ or /lis- 
“ tilled water*,” and that “sea water, or a solution of one part of 
“ salt in 30 of water conducts 100 times, and a saturated solution 
“ of sea-salt about 720 times better than rain water.” 

Such was the reputation of Cavendish for scientific accuracy, 
that these bare statements seem to have been accepted at once, 

* This is equivalent to saying that iron wire conducts 555,555 times bettor than 
saturated solution of sea salt. A comparison of the experiments of Matthiessen on 
iron with those of Kohlrausch on solutions of sodium chloride at would make 
the ratio 451,390. The resistance of iron increases and that of the solution 
diminishes as the temperature rises, and at a temperature of about 11^0. the ratio 
of the resistances would agree with that given by Cavendish. 
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and soon Tound their way into the general stock of scientific infor- 
mation, although no one, as far as I can make out, has ever con- 
jectured by what method Cavendish actually obtained them, more 
*than forty years before the invention of the galvanometer, the only 
instrument by which any one else has ever been able to compare 
electric resistances. 

We learn from the manuscripts now first published, that 
Cavendish was his own galvanometer. In order to compare the 
intensity of currents he caused them to pass through his own body, 
and by comparing the intensity of the sensations he felt in his 
wrist and elbows, he estimated which of the two shocks was the 
more powerful. 

As Cavendish does not appear to have prepared an account of 
these experiments in the manner in which he usually wrote out 
what ho intended to publish, it may be well to describe them here, 
as wo collect them from different parts of his Journals. 

The conductors to be compared were for the most part solu- 
tions of common salt of known strength or of other substances. 
These solutions were placed in glass tubes, more than a yard long, 
bent near one end. The tubes liad been previously calibrated by 
means of mercury. • 

Two wires were run into the tube, probably through holes in 
corks at each end, to Serve as electrodes. The length of the effec- 
tive column of the liquid could be altered by sliding the wire in 
the straight part of the tube. 

In order to send electric discharges of equal quantity and equal 
clertroi^jotive force tlirough.two different tubes Cavendish chose 
six jars of nearly equal capacity from “ Nairne’s last battciy.” The 
two tubes to be compared were placed so that the wires run into 
their bent ends communicated with the outside of this battery of 
six jars. The wires run into the straight ends of the tubes were 
fastened to two separately insulated pieces of tinfoil. The six jars 
were then all charged at once by the same conductor till the 
gauge electrometer indicated the proper degree of electrification. 
The conductor was then removed, so that the six jars remained 
with their inside coatings insulated from each other and equally 
charged. 
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Cavendish then taking two pieces of metal, one in edch hand, 
touched with one the tinfoil belonging to one of the tubes to be 
compared, and then with the other touched the knob of jar No. 1, 
so as to receive a shock, the charge passing through his body and 
the first tube. 

He next laid one of th% metals on the tinfoil of the second 
tube, and then touching with the other the knob of jar No. 2, he 
received a second shock, the discharge passing through his body 
and the second tube. 

In this way he took six shocks, making them pass alternately 
through the first and the second tube, and proceeded to record his 
impression whether the intensity of the shock through the second 
tube was greater or less than that of the shock through the first, 
and concluded that the tube which gave the greater shock had 
the smaller resistance. 

He then adjusted the wire in one of the tubes so as to make 
the resi.stance more nearly equal to that of the other, and repeated 
the experiment, always recording his impression of the result, till 
he found that one adjustment made the shock of the second tube 
sensibly greater than that of the first, and that another adjustment 
made it sensibly less. 

From the result of the whole series of experiments he judged 
what adjustment would make the two shocks exactly equal. 

Instead of using six jars only, ho seems latterly to have used 
the whole battery, electrifying one row to a given degree and then 
communicating this charge to the whole battery, and taking the 
discharge of one row at a time through the tfibes alternately. '*He 
seems to have found some advantage in thus using a discharge of 
greater quantity and smaller electromotive force. 

The accuracy which Cavendish attained in the discrimination 
of the intensity of shocks is truly marvellous, whether we judge by 
the consistency of his results with each other, or whether we com- 
pare them with the latest results obtained with the aid of tlie 
galvanometer, and with all the precautions which experience 
lias shown to be necessary in measuring the resistance of electro- 
lytes. 

One of the most important investigations which Cavendish 
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made in this way was to find, as he expressed it, "what power of 
tlie velocity the resistance is proportional to 

Cavendish means by “resistance" the whole force which resists 
the current, and by “ velocity” the strength of the current through 
unit of area of the section of the conductor. 

(In modern language the word resislance is used in a different 
sense, and is measured by the force which resists a current of unit 
strength.) 

By four different series of experiments on the same solution in 
wide and in narrow tubes, Cavendish found that the resistance (in 
his sense) varied as the 

1*08, 103, 0*976, and 1*00 
power of the velocity. 

This is the same as saying that the resistance (in the modern 
sense) varies as the 

0*08, 0 03, -0 024 

power of the strength of the current in the first three sets of ex- 
periments, and in the fourth set that it does not vary at all. 

This result, obtained by Cavendish in January, 1781, is an 
anticipation of the law oY electric resistance discovered independ- 
ently by Ohm and'publishcd by him in 1827. It was not till long 
after the latter date that the importance of Ohm's law was fully 
appreciated, and that the measurement of electric resistance be- 
came a recognised branch of research. The exactness of the pro- 
portionality between the electromotive force and the current in 
the same^onductor seans, however, to have been admitted, rather 
because nothing else could account for the consistency of the 
measurements of resistance obtained by different methods, than 
on the evidence of any direct experiments. 

Some doubts, however, having been suggested with respect to 
the mathematical accuracy of Ohm’s law, the subject was taken 
up by the British Association in 1874, and the experiments of 
Professor Chrystal, by which the exactness of the law, as it relates 
to metallic conductors, was tested by currents of every degree of 


* Arts. 571, 575, 629, 686. 
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intensity, are contained in the Report of the British Association 
for 1876. 

The laws of the strength of currents in multiple and divided 
circuits are accurately stated by Cavendish in Arts. 417, 597, 598.i 

Cavendish applied the same method of experiment to compare 
the resistance of the same 'liquid at different temperatures*, and he 
found that “salt in 69 [of water] conducts 1*97 times better in 
heat of 105 than in that of 58^.” He also found that ‘'the pro- 
portion of the resistance of saturated solution and salt in 999 to 
each other seems not much altered by varying heat from 50 
to 95.” 

Kohlrausch, who has made a most extensive series of experi- 
ments on the resistance of electrolytes, gives results from which it 
appears that the ratio of the resistances of salt in 69 at 105° F. 
and at 58^° F. would be 1*59. He also finds that the temperaturet 
coefficient for solutions of salt alters very little with the strength. 
See Note 33. 

Cavendish also tested the resistance of solutions of salt of 
strengths varying from saturation to one in 20000 of distilled 
water, and arrived at the result, which Kohlrausch has shown to 
be nearly accurate, that for weak solutions the product of the 
resistance into the percentage of salt is nearly constant. 

Of all substances, that for which different observers have given 
the most different measures of resistance is pure water. 

It has been found indeed that the presence of the minutest 
trace of impurity in water diminishes its resistance enormously. 
Thus Kohlrausch found that it was necessary to use witter^tjuite 
freshly distilled in platinum vessels, for if placed in a glass vessel 
it rapidly diminished in resistance by dissolving a minute quantity 
of the glass, and a few minutes exposure to the air of the labora- 
tory, by impregnating the water with a trace of tobacco smoke, 
was found sufficient to spoil it for a determination of resistance. 
Kohlrausch indeed estimates that the electric conductivity which 
lie observed in the purest water he could obtain might ,be ac- 
counted for by the presence of no more than one ten millionth 
part of hydrochloric acid, a quantity which no chemical analysis 

* Art. 691. 
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could detect. Hence the hypothesis that water is a non-conduc- 
tor of electricity, if not true, cannot be disproved. 

Some of these remarkable properties of water were detected 
by Cavendish. He found that the resistance of pump water was 
4yV times less than that of rain water, and that of rain water was 
2*4 times less than that of distilled water*. 

In January 1777, he found that salt in 2999 conducted about 
70 or 90 times better than some water distilled in the preceding 
summer but only about 25 or 50 times better than the distilled 
water used in the year 1770 "I-, and that the conductivity of distilled 
water increased by standing two or three hours in a glass tubej. 

He also found that in order to make the conducting powers of 
his weakest solutions of salt agree with the hypothesis that they 
arc as the quantity of salt in them, it would be necessary only to 
suppose that his distilled water contained one part of salt in 
120000§. 

It was found that distilled water impregnated with fixed air 
from oil of vitriol and marble conducted 2] times better than the 
same water deprived of its air by boiling ||, aitd that the presence 
of absorbed air in a weak solution of salt seemed to increase its 
conductivity ir. 

In order to find whether electricity is resisted in passing out of 
one medium into another in perfect contact with it, Cavendish 
prepared a tube containing 8 columns of saturated solution of sea 
salt enclosed between columns of mercury. He found that the 
shock was diminished in passing through a mixed column in 
whiclf the length of s*alt water was 21*8 inches as much as in 
passing through a single column of the same size w^hose length 
was 22*94 inches**. 

The difference would have been far greater if the comparison 
had been made with an ordinary galvanometer and continued 
currents which rapidly produce polarization, but with the small 
quantities of electricity which Cavendish used, the effect of polari- 
zation jrvould hardly be sensible. 

• Art. 525. t Art. 690. t Art. G21. 

§ Art. 630. 11 Arts. 625, 693. 1[ Art. 692. ** Art. 578.. 
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He also made a compound conductor consisting of 40 bits of 
tin soldered together. The shock through this appeared to be of 
the same strength as through a single piece of the same size. 
This experiment however is not of much value, as the resistance 
of the conductor was far too small compared with that of Caven- 
dish’s body to give good results*. 

We now come to a very remarkable set of experiments which 
Cavendish made on a series of salts and acids in order to deter- 
mine their relative electric resistance. They are recorded in Arts. 
62G, 627 and 694, and are dated Jan. 13 and 15, 1777. 

The strength of the different solutions was such, as Cavendish 
tells us, “that the quantity of acid in each should be equivalent to 
that in a solution of salt in 29 of water.” 

The total weight of each solution was 3 pounds 10 ounces and 
12 pennyweights, or 1116 pennyweights Troy. The quantity* of 
each substance when reduced to pennyweights is in every case 
very nearly the equivalent weight of that substance in the system 
adopted at present, in which the equivalent weiglit of hydrogen is 
taken as unity f. 

Now these experiments were made in 1777, jxnd it is difficult 
to see from what source, other than determinations of his own, 
he could have derived these numbers. Wenzel’s Lehre von den 
Verwandschaften was published in 1777. I have not been able 
to consult the work itself, but from the account of it given in 
Kopp’s Geschichte der Chemie, the equivalent numbers seem to 
have been larger than those used by Cavendish. Kichter’s 
Anfangsgriinde der Stochyometrie was not published till 1792. 

It is difficult to account for the agreement not only of the 
ratios but of the absolute numbers given by Cavendish with those 
of the modern system, in which the equivalent weight of hydrogen 
is taken as unity. I can only conjecture from several parts of his 

* Art. 579. Tho resistance of a man’s body, from one hand to the other, varies 
from about 1000 ohms when the hands are well wetted with salt water, to about 
12000 when the hands are dry. When the outer skin is removed by a blister, the 
resistance is very much diminished. The<resistance of the compound conductor was 
probably a fraction of an ohm. See Note 31. 

+ See Note 34. 
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paper on Factitious Airs {PhiL Trans. 1766), that Cavendish was 
accustomed to compare the quantity of fixed air from different 
carbonates with that^from 1000 grains of marble. Now the 
fnodern equivalent weight of marble is 100, so that if Cavendish 
took 100 pennyweights as the equivalent weight of marble, the 
equivalents of other substances would 1)e as he has given them. 
This I think is more likely than that he should have selected 
inflammable air as his standard substance at a time when even his 
own experiments left it doubtful whether inflammable air was 
always of the same kind. 

In his journal, Cavendish writes down these equivalent weights 
just as a modern chemist might do, without a hint that a list of 
these numbers was not at that time one of the things which every 
student of chemistry ought to know by heart. It is only by com- 
paring the date of these researches with the dates of the principal 
discoveries in chemistry, that we become aware, that in the inci- 
dental mention of those numbers we have the sole record of one 
of tliose secret and solitary researches, the value of which to 
other men of science Cavendish does not seem to have taken 
into account, after he had satisfied his own mind as to the facts. 

I take this opportunity of expressing my thanks to the many 
friends who have given me assistance in preparing this edition, 
and in particular to Mr C. Tomlinson, who gave me valuable 
information about the manuscripts; to Mrs Sime, who lent me 
a manuscript book of letters, &c., relating to Cavendish, collected 
by hoc blather, the late Dr George Wilson ; to Mr W. Garnett, of 
St John’s College, Cambridge, who copied out Arts. 236 — 294; and 
Mr W. N. Shaw, of Emmanuel College, who took the photographs 
from which the facsimile figures were executed ; to Mr H. B. 
Wheatley, who furnished me with information connected with the 
history of the Royal Society; to Prof. Dewar, Mr P. T. Main, 
Mr G. F. Rodwell, and Dr E. J. Mills, who gave me information 
on chemical subjects ; and Mr Dew Smith and Mr F. M. Balfour, 
of Trinity College, and Prof. Ernst von Fleischl, of Vienna, who 
gave me information about electrical fislies, and the physiological 
effect of electricity. 
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P. S. 14th- June, 1879. 

Just before sending this sheet to press I have received 
from Mr Kobert H. Scott, F.R.S., a small packet marked 
" Cavendish Papers,” which had been sent* to the Meteorological, 
Office by Sir Edward Sabine. 

These papers relate entirely to magnetism, and do not fall 
within the scope of this volume, though they may supply 
important materials for the magnetic history of the earth, and 
are in all respects excellent specimens of Cavendish’s scientific 
procedure. 

I shall therefore only mention a few particulars in which these 
papers throw some additional light on Cavendish’s life and 
work. 

The descriptions of Cavendish by Cuvier, Young, Thomson 
and Wilson agree in representing him as living in London, and 
regularly attending the meetings of the Royal Society, but in 
other respects leading an isolated life, very much detached 
from the interests, whether social or scientific, of other men. 

It has also been hinted that Lord Charles Cavendish, who, as 
we have already seen, was himself addicted to scientific pursuits, 
did not entirely approve of his ik>n’s devotion to science, or at least, 
for some reason or other, restricted him in. the means of carrying on 
his work. 

In these manuscripts, however, we have the details of a 
laborious series of observations undertaken to determine the errors 
of the variation compass and the dipping needle belonging to 
the Royal Society, and on Sept. 16, 1773, we find Observations 
of needle in Garden by Father and Self,” and a '^Comparison of 
Society’s compass in house and in society’s] garden witlv Father’s 
compass in room.” 

It appears, therefore, that Lord Charles Cavendish not only 
placed his instruments at his son’s disposal, but made observations 
of the compass in concert with him, and that these observations 
were undertaken in order to make the instruments belonging to 
the Royal Society more available for ' accurate measurements. 
In the same Journal there are also “Measures taken for sotting 
Dr Knight’s ngjagnets so that their poles shall be equidistant from 
variation] comp[ass] and dipppng] need[le] in 1775.” The results 
of this enquiry are briefly stated by Cavendish in his paper on the 
Instruments belonging to the Royal Society in the “ Philosophical 
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Transactions” for 1776. In the same volume therais an account 
of Dr Knight’s great Magazines of magnets by Dr Fothergill. 

A considerable portion of the MS. is taken up with Direc- 
tions for using the Dipping Needle,” written out at greater 
or less length (probably according to the scientific capacity of the 
recipient) ^‘for Captain Pickersgill,” “&r Captain Bayley,” “for 
Dalrymple” [Hydrographer to the Honourable East India Com- 
pany] &c. 

There is also a treatise of 26 pages “ On the different forms of 
construction of dipping needles.” 

Besides this, there is a series of observations of the magnetic 
variation and also of the dip, at various times, from 1773 to 
August 1809 (Cavendish died Feb. 24, 1810). 

These observations wore matle for the most part only in the 
summer months, but during that time were carried on with the 
greatest regularity, and results for each year calculated from 
them. 

Wo also find the record of “Trials of Nairne’s needle in 
different parts of England in August, 1778.” 

It was tried in Garden, Aug. 8. In Garden of Observatory 
at Oxford, Aug. 14. At Birmingham, in Bowling-green, Aug. 15. 
At Towcester, in Garden, Aug. 17. At St Ives, in Garden, Aug, 
18. At Ely, in Garden, Aug. 18. At London, Aug. 19 and 22.” 
From these trials he finds that “Linos of equal dip should seem 
to run about 44" to south of west, and dip should increase about 
42' by going r to N.W.” 

There is a long and valuable series of experiments on the 
magnetic properties of forged iron, blistered steel, and cast iron. 
“Some bars were got /rom Elwell 31 1 inch long, 2T broad, and 
jxbout *5 thick. On May 29, 1776, one of each was made mag- 
netical, the marked end being the south polo. In trying the 
experiment the bars were placed perpendicularly against a wall 
25 inches distant from the center of the needle, 91°;J to west 
6f usual magnetic north, either the top or bottom of the bar 
being always on a level with the needle. They were kept con- 
stantly with the marked end upwards till after the observations of 
June 30, after which they were kept with the marjjjgd, end down- 
wards. 

Cavendish determines in every case the “fixed magnetism” 
and the “ moveable magnetism ” of the bar, and also its magnetism 
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when “struck 100 times on an anvil, falling 1'6 inches by its 
weight, and tried immediately after.” 

There are also 23 pages of experiments on the effect of heat 
on magnets, and a mathematical investigation of the bending of 
the dipping-needle by its own weight as affecting the determination 
of the dip, together with « measurements of the elasticity of steel 
and of glass. 
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AN ATTEMPT TO EXPLAIN SOME OF THE PRINCIPAL 

ph^:nomena of electricity, by means of an 

ELASTIC FLUID. 

1] Since I first wrote the following paper, I find that this way 
of accounting for the phaenomona of electricity is not new. ^pinus, 
in his Tentamm Theorice ElectriciUitis et Magnetisini*, has made 
use of the same, or nearly the same hypothesis that I have ; and 
the conclusions he draws from it agree nearly with iiiinc, as far as 
he goes. However, as I have carried the theory much farther than 
he has done, and have considered the subject in a different, and, I 
flatter myself, in a more accunite manner, 1 hope the Society will 
not think this paper unworthy of their acceptance. 

• 

2] The method I propose to follow is, first, to lay down the 
hypothesis; next, to examine by strict mathematical reasoning, or at 
least, as strict reasoning as the nature of the subject will admit of, 
what consequences will flow from thence ; and lastly, to examine 
how far these consequences agree with such experiments as have 
yet been made on this subject. In a future paper, I intend to give 
the re^lt^of some experilncnts I am making, with intent to ex- 
amine still further the truth of this hypothesis, and to find out the 
law of the electric attraction and repulsion. 

Hypothesis. 

3] There is a substance, which I call the electric fluid, the 
particles of which repel each other and attract the particles of 
all other matter with a force inversely as some less power of the 
distances than the cube : the particles of all other matter also, repel 
each other, and attract those of the electric fluid, with a force 

* [Petropoli, 1769.] 
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varying according to the same power of the distances. Or, to 
express it more concisely, if you look upon the electric fluid 
as matter of a contrary kind to other matter, the particles 
of all matter, both those of the electric fluid and of other matter, 
repel particles of the same kind, and attract those of a contrary 
kind, with a force inversely as some less power of the distance than 
the cube. 

4] For the future, I would be understood never to compre- 
hend the electric fluid under the word matter, but only some other 
sort of matter. 

6] It is indifferent whether you siippose all sorts of matter 
to be indued in an equal degi’ec with the foregoing attraction and 
repulsion, or whether you suppose some sorts to be indued with it 
in a greater degree than others ; but it is likely that the electric 
fluid is indued with this property in a much greater degree than 
other matter; for in all probability the weight of the electric fluid* 
in any body bears but a veiy small proportion to the weight of 
the matter; but yet the force with which the electric fluid therein 
attracts any particle of matter must be etjual to the force with 
which the mfitter therein repels that particle ; otherwise the body 
would appear electrical, as will be shewn hereafter. 

To explain this hypothesis more fully, suppose that 1 grain of 
electric fluid attracts a paiticle of matter, at a given distance, with 
as much force as n grains of any matter, lead for instance, repel it : 
then will 1 grain of electric fluid repel a particle of electric fluid 
with as much force as n grains of lead attract it ; and 1 grain of 
electric fluid will repel 1 grain of electric fluid with as much force 
as n grains of lead repel n grains of lead ^ 

6] All bodies in their natural state with regard to electricity, 
contain such a quantity of electric fluid interspersed between their 
particles, that the attraction of the electric fluid in any small part 
of the body on a given particle of matter shall be equal to the 
repulsion of thq matter in the same small part on the same particle. 
A body in this state I call saturated with electric fluid : if the body 
contains more than this quantity of electric fluid, I call it over- 
charged ; if less, 1 call it undercharged. This is the hypothesis ; 
I now proceed to examine the consequeijces which will flow from it. 

* [Note 1.] 
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7] Lemma I. Let EAe (Fig. l) represent jp’ig* l* 

a cone continued infinitely; let A be the 
vertex, and Bh and Dd planes parallel to 
the base ; and let the, cone be filled with 
ftniform matter, whose particles repel each 
other with a force inversely as the n power of the distance. If n 
is greater than 3, the force with which & particle at A is repelled 

by EBhe or all that part of the cone beyond Bh is as • 

For supposing AB to flow, the fluxion of EBhe is proportional 
to — xAB^^ and the fluxion of its repulsion on A is propor- 
tional to fluent of which is ' which when 

AB is infinite is equal to nothing; consc(][ucntly the repulsion of 
EBhe is proportional to or to 

8] Cor, If AB is infinitely small, infinitely great ; 

therefore the repulsion of tliat part of the cone between A and Bh, 
on A, is infinitely greater than the repulsion of all that beyond it. 



9] Lemma II. By the same method of reasoning it appears, 

that if 71 is equal to 3, tfie repulsion of the matter between Bh and 

* AD 

Dd on a particle at A, is proportional to the logarithm of ; 


consequently, the repulsion of that part is infinitely small in 
respect of that between A and Bh, and also infinitely small in 
respect of that beyond Dd. 


1®] • Lemma III.* In like manner, if n is less than 3, the 
repulsion of the part between A and Bb on A is proportional to 
: consequently the repulsion of the matter between* A and 
Bb on A^ is infinitely small in respect of that beyond it. 


11] Cor. It is easy to see fi-om these three lemmata, that, if 
the electric attraction and repulsion had been supposed to be 
inversely as some higher power of the distance than the cube; a 
particjje could not have been sensibly affected by the repulsion of 
any fluid, except what was placed close to it. If the repulsion was 
inversely as the cube of the distance, a particle could not be 
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sensibly affected by the repulsion of any finite quantity of fluid, 
except what was close to it. But as the repulsion is supposed to 
be inversely as some power of the distance less than the cube, a 
particle may be sensibly affected by the repulsion of a finite quan- 
tity of fluid, placed at any finite distance from it. 

12] DeF. If the ele8tric fluid in any body is by any means 
confined in such manner that it cannot move from one part of the 
body to the other, I call it immoveable: if it is able to move 
readily from one part to another, I call it moveable. 

13] Prop. I. A body overcharged with electric fluid attracts 
or repels a particle of matter or fluid, and is attracted or repelled 
by it, with exactly the same force as it would, if the matter in it, 
together with so much of the fluid as is sufficient to saturate it, 
was taken away, or as if the body consisted only of the redundant 
fluid in it. In like manner an undercharged body attnxets, or 
repels with the same force, as if it consisted only of the redundant 
matter ; the electric fluid, together with so much of the matter as 
is sufficient to saturate it, being taken away. 

This is evident from the definition of saturation. 

14] Prop. II, Two over or undercharged bodies attract or 
repel each other with just the same force that they would, if each 
body consisted only of the redundant fluid in it, if overcharged, or 
of the redundant matter in it, if undercharged. 

For, let the two bodies be called A and B ; by the last proposi- 
tion the redundant substance in B impels each particle of fluid and 
matter in A, and consequently impels the* whole body ^-4, with 
the same force that the whole body B impels it : for the same 
reason the redundant substance in A impels the redundant sub- 
stance in B, with the same force that the whole body A impels 
it. It is shewn therefore, that the whole body B impels the 
whole body A^ with the same force that the redundant substance 
in B impels the whole body A, or with which the whole body A 
impels the redundant substance in B\ and that the whole body A 
impels the redundant substance in JB, with the same force that 
the redundant substance in A impels the redundant substance 
in B\ therefore the whole body B impels the whole body A, with 
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the same •force with whidi the redundant substance in A impels 
the redundant substance in B, or with which the redundant sub- 
stance in B impels the redundant substance in A, 

• 16 ] Con. Let the matter in all the rest of space, except in 

two given bodies, be saturated with immoveable fluid ; and let the 
fluid in those two bodies be also immovfiable. Then, if one of the 
bodies is saturated, and the other cither over or undercharged, they 
will not at all attract or repel each other. 

If the bodies are both overcharged, they will repel each other. 

If they arc both undercharged, they will also repel each other. 

If one is overcharged and the other undercharged, they will 
attract each other. 

N.B. In this corollary, when I call a body overcharged, I would 
be understood to mean, that it is overcharged in all parts, or at 
least nowhere undercharged : in like manner, when I call it under- 
charged, I mean that it is undercharged in all parts, or at least 
nowhere overcharged. 

16] Prop. III. If all the bodies in the universe are saturated 
with electric fluidj it is plain that no part of the fluid can have 
any tendency to move. • 

17] Prop. IV. If the quantity of electric fluid in the universe 
is exactly sufficient to saturate the matter therein, but unequally 
dispersed, so that some bodies are overcharged and others under- 
charged ; then, if the electric fluid is not confined, it will imme- 
diately move till all the bodies in the universe are saturated. 

F#r ^supposing that any body is overcharged, and the bodies 
near it are not, a particle at the surface of that body will be re- 
pelled from it by the redundant fluid within ; consequently some 
fluid will run out of that body ; but if the body is undercharged, 
a particle at its surface will be attracted towards the body by the 
redundant matter within, so that some fluid will run into the body, 

N.B. In Prob. IV. Case 3> there will be shewn an exception 
to this proposition; there may perhaps be some other exceptions 
to it : but I think there can be no doiibt, but what this proposition 
must hold good in general. 
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18] Lemma IV. Let BDE, hde, and (Fig. 2) be concen- 
tric spherical surfaces, whose center is C7 : if 

the space* Bb is filled with unifonn matter, 
whose particles repel with a force inversely as 
the square of the distance, a particle placed 
anywhere within the space Cb, as at P, will 
be repelled with as much ?brce in one direc- 
tion as another, or it will not be impelled 
in any direction. This is demonstrated in 
Newton, Princip, Lib. I. Prop. 70. It fol- 
lows also from his demonstration, that if the 
repulsion is inversely as some higher power of the distance than 
the square, the pai-ticle P will be impelled towards the center; 
and if the repulsion is inversely as some lower power than the 
square, it will be impelled from the center. 

19] Lemma V, If the repulsion is inversely as the square of 
the distance, a particle placed anywhere without the sphere BDE^ 
is repelled by that sphere, and also by the space P6, with the 
same force that it would if all the matter therein was collected 
in the center of the sphere; provided the density of the matter 
therein is everywhere the same at the same distance from the 
center. This is easily deduced from Prop. 71, of the same book, 
and has been demonstrated by other authors. 

20] Prop. Y. Problem 1. Let the sphere BDE be filled 
with uniform ^solid matter, overcharged with electric fluid : let the 
fluid therein be moveable, but unable to escape from it : let the 
fluid in the rest of infinite space be moveable, and sufficient to 
saturate the matter therein ; and let the matter in the whole of 
infinite space, or at least in the space Py8,cwhosc dimensions will 
be given below, be uniform and solid ; and let the law of the elec- 
tric attraction and repulsion be inversely as the square of the dis- 
tance : it is required to determine in what manner the fluid will be 
disposed both within and without the globe. 

Take the space Bb such, that the interstices between the par- 
ticles of matter therein shall be just sufficient to hold a quantity 
of electric fluid, whose particles are pressed close together, so as to 

* By the space Bh or Bp, I mean the space comprehended between the spherical 
surfaces BDE and hde, or between BDE and /85e ; by the space Ch or Cp, I mean 
the spheres hdc or /35e. 
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touch eacB other, equal to the whole redundant fluid in the globe, 
besides the quantity requisite to saturate the matter in Bh ; and 
take the space such, that the matter therein shall be just able 
to saturate the redundant fluid in the globe : then, in all parts of 
^lic space Bh, the fluid will be pressed close together, so that its 
particles shall touch each other; the ijpace B^ will be intirely 
deprived of fluid ; and in the space Ch, and all the rest of infinite 
-space, the matter will be exactly saturated. 

For, if the fluid is disposed in the above-mentioned maimer, 
a particle of fluid placed anywhere within the space Cb will not be 
impelled in any direction by the fluid in Bh, or the matter in B^, 
and will therefore have no tendency to move : a particle placed 
anywhere without the sphere /SSs will be attracted with just as 
much force by the matter in B^, as it is repelled by the redundant 
fluid in Bh, and will therefore have no tendency to move : a j)ar- 
ticle placed anywhere within the space Bb, will indeed be repelled 
towards the surfacci, by all the nHlundant fluid in that sj)ace which 
is placed nearer the center than itsell*; but as the fluid in that 
si)aco is already pressed as close together as possible, it will not 
have any tendency to move; and in the space therci is no fluid 
to move, so that no jiart of the fluid can have any tendency to 
move. 

Moreover, it seems impossible for the fluid to be at rest, if it is 
disposed in any other form ; for if the density of the fluid is not 
everywliero the same at the same distance from the center, but is 
greater near h than near d, a particle placed anywhere between 
those two points will move from h towards d ; but if the density is 
everywhere the same at the same distance from the center, and the 
fluid in Bh is not pressed close together, the space Gh will be over- 
charged, and consequently a particle at h will be repelled from the 
center, and cannot be at rest : in like manner, if there is any fluid 
in B^, it cannot be at rest : and, by the same kind of reasoning, it 
might be shewn, that, if the fluid is not spread uniformly within 
the space Ch, and without the sphere /88e, it cannot be at rest. 

21] Cor. I. If the globe BDE is undercharged, everything 
else being the same as before, there will be a space Bh, in which 
the matter will be intirely deprived of fluid, and a space B^, 
in which the fluid will be pressed close together; the matter in Bh 
being equal to the whole redundant matter in the globe, and the 
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redundant fluid in being just sufficient to saturated the mat- 
ter in Bh : and in all the rest of space the matter will be exactly 
saturated. The demonstration is exactly similar to the foregoing. 

22] Cor. II. The fluid in the globe BDE will be disposed in 
exactly the same manner, whether the fluid without is immoveable, 
and disposed in such mailher, that the matter shall be everywhere 
saturated, or whether it is disposed as above described; and the 
fluid without the globe will be disposed in just the same manner, 
whether the fluid within is disposed uniformly, or whether it is 
disposed as above described. 

23] Prop. VI. Problem 2. To determine in what manner 
the fluid will be disposed in the globe BDEy supposing everything 
as in the last problem, except that the fluid on the outside of the 
globe is immoveable, and disposed in such manner as everywhere 
to saturate the matter, and that the electric attraction and repul- 
sion is inversely as some other power of the distance than the square. 

I am not able to answer this problem accurately ; but I think 
we may be certain of the following circumstances. 

24] Case 1. Let the repulsion be inversely as some power 
of the distance between the square and the cube, and let the globe 
be overcharged. 

It is certain that the density of the fluid will be everywhere 
the same, at the same distance from the center. Therefore, first, 
There can be no space as 06, within which the matter will be 
everywhere saturated ; for a particle at 6 is impelled towards the 
center, by the redundant fluid in J56, and will therefore move 
towards the center, unless 06 is sufficienijy overcharged to pre-^ 
vent it. Secondly, The fluid close to the surface of the sphere 
will be pressed close together ; for otherwise a particle so near to 
it, that the quantity of fluid between it and the surface should be 
very small, would move towards it ; as the repulsion of the small 
(juantity of fluid between it and the surface would be unable to 
balance the repulsion of the fluid on the other side. Whence, I 
think, we may conclude, tliat the density of the fluid will increase 
gradually from the center to the surface, where the particles will 
bo pressed close together: whether the matter exactly at the 
center will be overcharged, or only j^turated, I cannot tell. 
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25] Cor. For the same reason, if the globe be undercharged, 
I think wo may conclude, that the density of the fluid will di^ 
minish gradually from the center to the surface, where the matter 
will be intirely deprived of fluid. 

26] Case 2. Let the repulsion be inversely as some power 
of the distance less than the square; and let the globe be over- 
charged. 

There will be a space Bh, in which the particles of the fluid 
will be everywhere pressed close together; and the quantity of 
redundant fluid in that space will be greater than the quantity of 
redundant fluid in the whole globe BDE\ so that the space Cb, 
taken all together, will be undercharged : but I cannot tell in what 
manner the fluid will be disposed in that space. 

For it is certain, that the density of the fluid will be every- 
where the same, at the same distance from the center. Therefore, 
let h be any point where the fluid is not pressed close together, 
then will a particle at h be impelled towards the surface, by the 
redundant fluid in the space Bb\ therefore, unless the space Ob 
is undercharged, the particle will move towards the surface. 

27] Cor. For the same reason, if the globe is undercharged, 
there will be a space Bb, in which the matter will be intirely de- 
prived of fluid, th« quantity of matter therein being more than the 
whole redundant matter in the globe ; and, conse(iuently, the space 
(76, taken all together, will be overcharged*. 


28] Lemma VI. Let the whole space comprehended between 
two parallel planes, infinitely extended each way, be filled with 
uniform matter, the repulsion of whose particles is inversely as the 
square oT the distance; the plate of matter formed thereby will 
repel a particle of matter with exactly the same force, at whatever 
distance from it it be placed. 

For suppose that there are two such plates, of equal thickness, 
placed parallel to each other, let A (Fig. 3) Fig. 3 . 


be any point not placed in or between the 
two plates : let BCD represent any part 
of the nearest plate : draw the lines AB, 
AC, and AD, cutting the furthest plate in 
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6, c, and d ; for it is plain that if they cut one plate, iJiey must, 
if produced, cut the other : the triangle BCD is to the triangle hcd, 
as AE^ to Ab^\ therefore a particle of matter at A will be repelled 
with the same force by the matter in the triangle BGD, as by that 
in bed. Whence it appears, that a particle at A will be repelled with 
as much force by the nearest plate, as by the more distant ; and 
consequently, will be impelled with the same force by either plate, 
at whatever distance from it it be placed. 

29] Cor. If the repulsion of the particles is inversely as some 
higher power of the distance than the square, the plate will repel 
a particle with more force, if its distance be small than if it be 
great ; .and if the repulsion is inversely as some lower power than 
the square, it will repel a particle with less force, if its distance be 
small thiin if it be great. 


Fig. 4. 
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30] Prop. VII. Prou. 3. In Fig. 4, let the parallel lines 
Aa^ Bby &c. represent pai'allel planes 
infinitely extended each way : let the 
spaces* AD and Eli be filled with 
uniform solid matter : let the electric 
fluid in each of those spaces bo move- 
able and unable to eseaj)C : and let all 
the rest of the matter in the universe 
be saturated with immoveable fluid ; 
and let the electric attraction and re- 
pulsion be inversely as the sejuare of 
the distance. It is required to determine in what mcanner the 
fluid will be disposed in the spaces AD and EH, according as 
one or both of them .are over or undcrchargjed. 

Let AD be that space which contains the greatest quantity of 
redundant fluid, if both spaces are overcharged, or which contains 
the least redundant matter, if both are underchiirged ; or, if one 
is overcharged, and the other undercharged, let AD he the 
overcharged one. Then, first. There will be two spaces, AB and 
GH, which will either be intirely deprived of fluid, or in 
which the particles will be pressed close together; namely, if 
the whole quantity of fluid in AD and EH together, is less than 

* By the space AD or AB, &c. 1 mean_ the space comprehended between the 
planes Aa and Dd, or between Aa and Bb. 
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sufficient *to saturate the matter therein, they will be intirely de- 
prived of fluid ; the quantity of redundant matter in each being 
half the whole redundant matter in AD and EH together : but if 
Jbhe fluid in AD and EH together is more than sufficient to satu- 
rate the matter, the fluid in AB and OH will be pressed close 
together; the quantity of redundant fliiid in each being half the 
whole redundant fluid in both spaces. Secondly, In the space CD 
the fluid will be pressed close together; the quantity of fluid 
therein being such, as to leave just enough fluid in i? (7 to satu- 
rate the matter therein. Thirdly, The space EF will be intirely 
deprived of fluid ; the quantity of matter therein being such that 
the fluid in FO shall be just sufficient to saturate the matter 
therein : consequently, the redundant fluid in CD will be just 
sufficient to saturate the redundant matter in EF; for as AB and 
GH together contain the whole redundant fluid or matter in botli 
spaces, the spaces BD and EG together contain their natural 
quantity of fluid ; and therefore, Jis BO and FO eacli contain their 
natural quantity of fluid, the spaces CD and EF together contain 
their natural quantity of fluid. And fourthly, Tlie spaces BG and 
FO will be saturated in all parts. 

For, first, If the fluid is disposed in this manner, no particle 
of it can have any tejulency to move : for a particle placed any- 
wliere in the spaces BG and FO, is attracted with just as mucli 
force by EF^ as it is repelled by GD; and it is repelled or attracted 
with just as much force by AB, as it is in a contrary direction 
by GIT, and, consequently, has no tendency to move. A particle 
placed anywhere in tlie spfice CD, or in the spaces AB and GH, 
if they are overcharged, is indeed repelled witli more force towards 
the pknes Dd, Aa and Ilh, than it is in the contrary direction ; 
but as the fluid in those spaces is alr(?.ady as much compressed 
as possible, the particle will have no tendency to move. 

Secondly, It seems impossible that the fluid should be at rest, 
if it is disposed in any other manner : but as this jiart of the 
demonstration is exactly similar to the latter part of that of 
Problem the first, I shall omit it. 

3>] Cor. I. If the two spaces AD and EH are both over- 
charged, the redundant fluid in CD is half the difference of the 
redundant fluid in those spaces : for half the difference of the 
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redundant fluid in those spaces, added to the quantity in ABy 
which is half the sum, is equal to the whole quantity in AD. 
For a like rejison, if AD and EH are both undercharged, the re- 
dundant matter in EF is half the difference of the redundant^ 
matter in those spaces; and if ilZ) is overcharged, and EH under- 
charged, the redundant fluid in CD exceeds half the redundant fluid 
in ADy by a quantity sufiicient to saturate half the redundant 
matter in EH 

32] Cor. IL It was before said, that the fluid in the spaces 
AB and QH (when there is any fluid in them) is repelled against 
the planes Aa and Hh ; and, consequently, would run out through 
those planes, if there was any opening for it to do so. The force 
with which the fluid presses against the planes Aa and Hhy is that 
with which the redundant fluid in AB is repelled by that in OH ; 
that is, with which half the redundant fluid in both spaces is 
repelled by an equal quantity of fluid. Therefore, the pressure 
against Aa and Hh depends only on the quantity of redundant 
fluid in both spaces together, and not at all on the thickness or 
distance of those spaces, or on the proportion in which the fluid 
is divided between the two spaces. If there is no fluid m AB 
and OHy a particle placed on the outside of the spaces AD 
and EHy contiguous to the planes Aa or Hhy is attracted towards 
those planes by all the matter in AB and GHy\d esty by all the 
redundant matter. in both spaces; and, consequently, endeavours 
to insinuate itself into the space AD or EH\ and the force with 
which it does so depends only on the quantity of redundant 
matter in both spaces together. The fluid in CD also presses 
against the plane Ddy and the force with which it does so is that 
with which the redundant fluid in CD is attracted by the matter 
in EF. 

33] Cor. III. If AD is overcharged, and undercharged: 
and the redundant fluid in AD is exactly sufficient to saturate the 
redundant matter in EH, all the redundant fluid in AD will be 
collected in the space CDy where it will be pressed close together : 
the space EF will be intirely deprived of fluid, the quantity of 
matter therein being just sufficient to saturate the redundant fluid 
in CDy and the spaces AC and FH will be everywhere saturated. 
Moreover, if an opening is made in the planes Aa or Hhy the fluid 
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within the* spaces Al) or EH will have no tendency to run out 
thereat, nor will the fluid on the outside have any tendency to run 
in at it : a particle of fluid too placed anywhere on the outside 
of both spaces, as at P, will not be at all attracted or repelled 
1^ those spaces, tmy more than if they were both saturated ; but 
a particle placed anywhere between th^o spaces, as at 8, will be 
repelled from d towards e; and if a communication was made 
between the two spaces, by the canal de, the fluid would run out 
of AD into EH, till they were both saturated. 


34] Prop. VIII. Pros. 4. To determine in what manner 
the fluid will be disposed in the space AD, supposing that all the 
rest of the universe is saturated with immoveable fluid, and that 
the electric attraction and repulsion is inversely as some other 
power of the distance than the square. . 

I am not able to answer this Problem accurately, except when 
the repulsion is inversely as the simple or some lower power of the 
distance ; but I think we may bo certain of the following circum- 
stances. 


36] Case 1. Let the repulsion be inversely as some power 
of the distance between the square and the cube, and let AD be 
overcharged. 

First, It is certain that the density of the fluid must be every- 
where the same, at the same distance from the planes A a and Dd, 
Secondly, There can be no space as BG, of any sensible breadth, 
in which the matter will not be overcharged. And thirdly, The 
fluid close to the planes Aa and Dd will be pressed close together. 
Whenc e. 1 think, we irvay conclude, that the density of the fluid 
will increase gradually from the middle of the space to the out- 
side, where it will be pressed close together. Whether the matter 
exactly in the middle will be overcharged, or only saturated, I 
cannot tell. 


36] Case 2. Let the repulsion be inversely as some power 
of the distance between the square and the simple power, and 
let AD be overcharged.’ 

There will be two spaces AB and DC, in which the fluid will 
be pressed close together, and the quantity of redundant fluid in 
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each of those spaces will be more than half the redufidant fluid 
in AD ; so that the space BGy taken all together, will be under- 
charged ; but I cannot tell in what manner the fluid will be dis- 
posed in that space. The demonstrations of these two cases are 
exactly similar to those of the two cases of Prob. 2. 

37] Case 3. If the repulsion is inversely as the simple or 
some lower power of the distance, and AD m overcharged, all the 
fluid will be collected in the spaces AB and CD, and BG will be 
intirely deprived of fluid. If AD contains just fluid enough to 
saturate it, and the repulsion is inversely as the distance, the fluid 
will remain in cquilibrio, in whatever manner it is disposed ; pro- 
vided its density is everywhere the same at the same distance from 
the planes Aa and Dd : but if the repulsion is inversely as some 
less power -than the simple one, the fluid will be in equilibrio, 
whether it is either spread uniformly, or whether it is all collected 
in that plane which is in the middle between Aa and Dd, or 
whether it is all collected in the spaces AB and CD ; but not, 
I believe, if it is disposed in any otlier manner. 

The demonstration depends upon this circumstance; namely, 
that if the repulsion is inversely as the distance, two spaces AB 
and CD, repel a particle placed cither between them, or on the 
outside of them, with tlie same force as if all the matter of those 
spaces was collected in the middle plane between them. 

It is needless mentioning the three cases in which AD is un- 
dercharged, as the reader will easily supply the place. 

38] Though the four foregoing problems do not immediately 
tend to explain the phfleiioinena of electricity, I chose to insert 
them; partly because they seem worth engaging our actention 
in themselves ; and partly because they serve, in some measure, 
to confirm the tmth of some of the following propositions, in which 
I am obliged to make use of a less accurate kind of reasoning. 

39] In the following propositions, I shall always suppose the 
bodies I speak of to consist of solid matter, confined to the same 
spot, so as not to be able to alter its shqpe or situation by the 
attraction or repulsion of other bodies on it : I shall also ^suppose 
the electric fluid in these bodies to be moveable, but unable to 
escape, unless when otherwise expressed. As for the matter in 
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all the rest of the universe, I shall suppose it to be saturated with 
immoveable fluid. I shall also suppose the electric attraction and 
repulsion to be inversely as any power of the distance less than the 
cifbe, except when otherwise expressed. 

• 

40] By a canal, I mean a slender thread of matter, of such 
kind that the electric fluid shall be able to move readily along 
it, but shall not be able to escape from it, except at the ends, 
where it communicates with other bodies. Thus, when I say that 
two bodies communicate with each other by a canal, I mean that 
the fluid shall be able to pass readily from one body to the other 
by that canal*'. 

41] Prop. IX. If any body at a distance fix)m any over or 
undercharged body be overcharged, the fluid within it will be 
lodged in greater quantity near the surface of the body than near 
the center. For, if you suppose it to be spread uniformly all over 
the body, a particle of fluid in it, near the surface, will be repelled 
towards the surface by a greater quantity of fluid than that by 
which it is repelled from it; consequently, the fluid will flow 
towards the surface, and make it denser there : moreover, the 
particles of fluid close to the surface will he pressed close together ; 
for otherwise, a particle placed so near it, that the quantity of 
redundant fluid between, it and the surface should be very small, 
would move towards it ; as the small quantity of redundant fluid 
between it and the surface would be unable to balance the re- 
pulsion of that on the other side. 

From the four foregoing problems it seems likely, that if the 
electric attraction or repulsion is inversely as the square of the 
distance, almost all the redundant fluid in the body will be lodged 
close ts-^the surface, aild there pressed close together, and the rest 
of the body will be saturated. If the repulsion is inversely as some 
power of the distance between the square and the cube, it is likely 
that all parts of the body will be overcharged : and if it is in- 
versely as some less power than the square, it is likely that all 
parts of the body, except those near the surface, will be under- 
charged. 

42] Cor. For the same reason, if the body is undercharged, 
the deficiency of fluid will be greater near the surface than near 
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the center, and the matter near the surface will be entirely de- 
prived of fluid. It is likely too, if the repulsion is inversely as 
some higher power of the distance than the square, that all parts 
of the body will be undercharged : if it is inversely as the square, 
that all parts, except near the surface, will be saturated : and it 
it is inversely as some less power than the square, that all parts, 
except near the surface, will be overcharged. 
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Let the bodies A and D (Fig. 5) communicate 
Fig. 5. 
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with each other by the canal EF; and let one of them, as 7), be 
overcharged ; the other body A will be so also. 

For as the fluid in the canal is repelled by the redundant fluid 
in D, it is plain, that unless A was overcharged, so as to balance 
that repulsion, the fluid would run out of D into A, 

In like manner, if one is undercharged, the other must be so 
too. 

44] Prop. XI. Let the body A (Fig. 6) be cither saturated 
or over or undercharged; and let the 
fluid within it be in equilibrio. Let 
now the body B, placed near it, be ren- 
dered overcharged, the fluid within it 
being supposed immoveable, and dis- 
posed in such manner, that no part of it 
shall be undercharged ; the fluid in A 
will no longer be in equilibrio, but will 
be repelled from B : therefore, the fluid will flow from those parts 
of A which are nearest to B, to those which are more distant 
from it ; and, consequently, the part adjacent to MN (that part of 
the surface of A which is turned towards B) will be made to con- 
tain less electric fluid than it did before, and that adjacent to the 
opposite surface B8 will contain more'than before. 


Fig. (5. 
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It miAt be observed, that when a sufficient quantity of fluid 
has flowed from MN towards BS, the repulsion which the fluid in 
the part adjacent to MN exerts on the rest of the fluid in A, will 
be so much weakened, and the repulsion of that in the part near 
PiS will be so much increased, as to compensate the repulsion of 
B, which will prevent any more fluid flqjv^ing from MN to R8. 

The reason why I suppose the fluid in B to be immoveable is, 
that otherwise a question might arise, whether the attraction or 
repulsion of the body A might not cause such an alteration in the 
disposition of the fluid in B, as to cause some parts of it to be 
undercharged ; which might make it doubtful, whether B did on 
the whole repel the fluid in A. It is evident, however, that this 
proposition would hold good, though some parts of B were under- 
charged, provided it did on the whole repel the fluid in A. 

45] Cor. If B had been made undercharged, instead of 
overcharged, it is plain that some fluid would have flowed from 
the further part BS to the nearer part MNy insteiid of from MN 
to R8. 

4G] Prop. XII. Let us now suppose that the body A com- 
municates by the canal EFy with another body D, placed on the 
contrary side of it from 7?, as in Fig. 5 ; and let these two bodies 
be either saturated, or bver or undercharged ; and let the fluid 
" within them be in* equilibrio. Let now the body B be overcharged : 
it is plain tliat some fluid will be driven from the nearer part MN 
to the further part BS, as in the former proposition ; and also some 
fluid will be driven from RS, through the canal, to the body D; 
so that the quantity of fluid in D will be increased thereby, and 
the quantity in A, taking the whole body together, will be di- 
minisheTl ; the quantity in the part near MN will also be dimi- 
nished; but whether the quantity in the part near B8 will be 
diminished or not, does not appear for certain ; but I should ima- 
gine it would be not much altered. 

47] Cor. In like manner, if B is made undercharged, some 
fluid will flow from D to A, and also from that part of A near R8, 
to the part near MN. 

48] i Prop. XIII. Suppose now that the bodies A and 2) 
communicate by the bent canal MPNnpm (Fig. 7) instead of the 
straight one EF\ let the bodies be either saturated or over or under- 

2—2 
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charged as before ; 



and let the fluid be at rest ; then if the body B 
Fig. 7. 



is made overcharged, some fluid will still run out of A into D ; pro- 
vided the repulsion of B on the fluid in the canal is not too great. 

The repulsion of B on the fluid in the canal will at first drive 
some fluid out of the leg MPpni into A, and out of NPpn into 
J>, till the quantity of fluid in that part of the canal which is 
nearest to B is -so much diminished, and its repulsion on the rest 
of' the fluid in the canal is so much diminished also as to com- 
pensate the repulsion of B : but as the hig NPpti is longer than 
the other, the repulsion of B on the fluid in it will be greater ; 
consequently some fluid will run out of A into D, on the same 
principle that water is drawn out of a vessel through a siphon. 


49] But if the repulsion of B on the fluid in the canal is so 
great, as to drive all the fluid out of the space GPIIpO, so that 
the fluid in the leg MGpm does not join to thatjn NHpn\ then it 
is plain that no fluid can run out of A into any more than water 
will run out of a vessel through a siphon, if the height of the bend 
of the siphon above the water in the vessel, is greater than that 
to which water will rise in vacuo. 

50] Cor. If B is made undercharged, some fluid will run 
out of D into A ; and that though the attraction of B oikifche fluid 
in the canal is ever so great. 

51] Prop. XIV. Let ABO (Fig. 8) bo a body overcharged 
with immoveable fluid, uniformly 
spread ; let the bodies near ABC on 
the outside bo saturated with im- 
moveable fluid ; and let JO be a body 
inclosed within ABO, and communi- 
cating by the canal JO with other dis- 
tant bodies saturated with fluid ; and 
let the fluid in D and the canal and 


Fig. 8. 

A 
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those bodies be moveable ; then will the body D bo rendered un- 
dercharged. 

For let us first suppose that D and the canal are saturated, ^d 
4hat D is nearer to B than to the opposite part of the body,.(7; 
then will all the fluid in the canal be repelled from G by the 
redundant fluid in ABG\ but if D is ifearer to G than to 5, take 
the point such that a particle placed there would be repelled 
from G with as much force as one at D is repelled towards G ; the 
fluid in BF^ taking the whole together, will be repelled with as 
much force one way as the other ; and the fluid in FG is all of it 
repelled from G: therefore in both cases the fluid in the canal, 
taking the whole together, is repelled from G ; consequently some 
fluid will run out of D and the canal, till the attraction of the 
unsaturated matter therein is sufficient to balance the repulsion 
of the redundant fluid in ABG. 

52] Prop. XV. If we now suppose that the fluid on the 
outside of ABG is moveable ; the matter adjacent to ABC on the 
outside will become undercharged. I see no reason however to 
think that that will prevent the body D from being undercharged ; 
but I cannot say exactly wliat effect it will have, except when 
ABG sphericjil and the repulsion is inversely as the square of 
the distance ; in this case it appears by Prob. I. that tlie fluid in 
the part DB of The canal will be repelled from (7, with just as 
much force as in the last proposition ; but the fluid in the part BG 
will not be repelled at all : consequently D will be undercharged, 
but not so much as in the last proposition. 

53] Cor. If ABG is now supposed to be undercharged, it is 
certain that D will be overcharged, provided the matter near ABG 
on the outside is saturated with immoveable fluid ; and there is 
great reason to think that it will be so, though the fluid in that 
matter is moveable. 

54] Prop. XVI. Let AEFB (Fig. 9) be a long cylindric 
body, and D an undercharged 
body; and let the quantity of 
fluid in AEFB be such, that the 
part near EF shall be saturated. 

It appears from what has been 
said before, that the part near AB will be overcharged ; and more- 


Fig, 9, 

1 O 
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over there will be a certain space, as AabB, adjoining to the plane 
AB, in which the fluid will bo pressed close together; and the 
fluid in that space will press against the plane AB, and will 
endeavour to escape from it ; and by Prop. II. the two bodies will 
attract each other : now I say that the force with which the fluid 
presses against the plane AB, is very nearly the same with which 
the two bodies attract each other in the direction EA ; provided 
that no part of AEFB is undercharged. 

Suppose so mucJi of the fluid in each part of the cylinder as is 
sufficient to saturate the matter in that part, to become solid ; the 
remainder, or the redundant fluid remaining fluid as before. In 
this case the pressure against the plane AB must be exactly equal 
to that with which the two bodies attract each other in the di- 
rection EA : for the force with which I) attracts that part of the 
fluid which we supposed to become solid, is exactly ecpial to that 
with which it repels the matter in the cylinder; and the redun- 
dant fluid in EabF is at liberty to move, if it had any tendency 
to do so, without moving the cylinder; so that the only thing 
which has any tendency to impel the cylinder in the direction EA 
is the pressure of the redundant fluid in AabB against AB\ and 
as the part near EF is saturated, there is no redundant fluid to 
press against the plane EF, and thereby tp counteract the pressure 
against AB, Suppose now all the electric fluid in the cylinder 
to become fluid ; the force with which the two bodies attract each 
other will remain exactly the same; and the only alteration in 
the pressure against AB, will be, that that part of the fluid in 
AabB, which we at first supposed solid and unable to press against 
the plane, will now be at liberty to press against it ; but as the 
density of the fluid when its particles are ^pressed close ^^gether 
may be supposed many times greater than when it is no denser 
than sufficient to saturate the matter in the cylinder, and conse- 
quently the quantity of redundant fluid in AabB many times 
greater than that which is required to saturate the matter therein, 
it follows that the pressure against AB will be very little more 
than on the first supposition. 

N.B. If any part of the cylinder is undercharged, the pressure 
against AB is greater than the force with which the bodies attract. 
If the electric repulsion is inversely as the square or some higher 
power of the distance, it seems very unlikely that any part of the 
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cylinder should bo undercharged ; but if the repulsion is inversely 
as some lower power than the square, it is not improbable but 
some part of the cylinder may be undercharged. 

• 55] Lemma VII. Let AB (Fig. 10) represent an infinitely 

thin flat circular plate, seen edgeways, 
so as to appear to the eye as a straight 
line ; let G be the center of the circle ; 
and let DC passing through G, be per- 
pendicular to the plane of the plate; 
and let the plate be of uniform thick- 
ness, and consist of uniform matter, 
whose particles repel with a force in- 
versely as the n power of the dis- 
tance ; n being greater than one, and 
less than three : the repulsion of the plate on a particle at D is pro- 
DG DC 

portional to > provided the thickness of the plate 

and size of the particle D is given. 

For if GA is supposed to flow, the corresponding fluxion of the 
quantity of matter in the plate is proportional to CA x GA ; and 
the corresponding fluxion of the repulsion of the plate on the 
particle J9, in the direction DGy is proportional to 

GA X GA DG DA x DG 
VA' ^ DA ’ DA' 


Fig. 10. 



forjD^ ; 
which is 


GA GA : DA] the variable part of the fluent of 
— DG 

{n — 1) DA whence the repulsion of the plate on 

DG DG 


the pakticle D is prolwrtional to 7 „-_ 
DG DG 


or to 


DC^'^ DA^- 


56] Cor. If DC"”' is very small in respect of the par- 
ticle D is repelled with very nearly the same force as if the dia- 
meter of the plate was infinite. 

57J Lemma VIII. Let L and I represent the two legs of 
a right-angled triangle, and h the hypothenuse; if the shorter 
leg I is so much less than the other, that is very small in 
respect of will be very small in respect of i®"*. 
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?=? / P\ 

For /t>-» = (i* + p) * = r-« ^1 + j 


S— »• 
2' 


therefore 


_ /»-* — (3 ~ n) r _ 3 — >i X n — 1 X P „ 

" - 2L“'‘ 81*’*’ ’ 

?'“x3-»ixP'‘ p-^x3-wxw-l xP** „ 

-1 u“rn+l » 




8L" 


which is very small in respect of f*"" ; as is by the supposition 
very small in respect of 


58] Lemma IX. Let DO now represent the axis of a cy- 
lindric Cut prismatic column of uniform matter; and let the dia- 
meter of the column be so small, that the repulsion of the plate 
AB on it shall not be sensibly different from what it would be, 
if all the matter in it was collected in the axis : the force with 
which the plate repels the column is proportional to 

supposing the thickness of the plate and base of the column to be 
given. 

For, if 2? (7 is supposed to flow, the corresponding fluxion of the 
repulsion is proportional to 

DG DCxDC DC DA 
DG^^ DA^"^ DA^-^'^ 

the fluent of which, -.3 , vanishes when DC 

■ O — 71 

vanishes. 


69] Cor. I. If the length of the column is so great that 
A C/"“^ is very small in respect of DC^~^y the repulsion of the plate 
on it is very nearly the same as if the column was infinitely con- 
tinued. 

For by Lemma VIII. AC^ + DC^ — DA^'"^ differs very little 
in this c^e from AC^"^) and if DC is. infinite, it is exactly equal 
to it. 
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CO] CoR. II. If is very small in respect of and 

the point E be taken in DG such that shall be very small 

in respect of A the repulsion of the plate on the small part 
®f the column EC, is to its repulsion on the whole column DC, 
very nearly as EC^"^ to A 

61] Lemma X. If we now suppose all the matter of the 
plate to be collected in the circumference of the circle, so as to 
form an infinitely slender uniform ring, its repulsion on the column 
DG will be less than when the matter is spread uniformly all over 
the plate, in the ratio of 

X (2^.-7^) to BG^^ + AC^-DA*-”. 

For it was before said, that if the matter of the plate be spread 
uniformly, its repulsion on the column will be proportional to 
+ AG^~^—DA^, or may be expressed thereby ; let now AC, 
the semidiameter of the plate, be increased by the infinitely small 
quantity AC; the quantity of matter in the plate will be increased 
by a quantity, which is to the whole, as 2 AC to AC; and the re- 
pulsion of the plate on the column will be increased by 

A n 

(3 -n)ACx AC"'"' -AG x ~x (3 - w) x DA^-^, 

= ( 3 -w) yACxAGx (2^1 : 

therefore if a quantity of matter, which is to the whole quantity 
in the plate as 2AC to AC be collected in the circumference, its 
repulsion on the column DG will be to that of the whole plate 
as • 

Z-nxAGxAGx DG^ -k- AG^ -DA^''' 

and consequently the repulsion of the plate when all the matter 
is collected in its circumference, is to its repulsion when the 
matter is spread uniformly, as 

X. , to BO^-^ + AG^-^- BA^ 

62 ] Cor. I. If the length of the column is so ^eat, that A C''*'* 
is veiy small in respect of BG*~^, the repulsion of the plate, when 
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all the matter is collected in the circumference, is to its repulsion 

, , . , , , 3-nxAC^'‘ 

when the matter is spread uniformly, very nearly as - 


2 


to AG*~", or as 3 — « to 2. 


63] Cor. II. If EC*~^ is very small in respect of A the 
repulsion of the plate on the short column EC, when all the 
matter in the plate is collected in its circumference, is to its 
repulsion when the matter is spread uniformly, very nearly as 


3 — nxw — lx EC* 


to EC*-^, 


or as 3 — n X n — 1 X EG”'^ to 4d0"”‘ ; and is therefore very small 
ill comparison of what it is when the matter is spread uniformly. 

For by the same kind of process as was used in Lemma VIII., 
it appears, that if EC* is very small in respect of AC*, 


y... . . n-lxEC^ , 

difiers very little from — “ 

is very small in respect of EC^ is d fortiori very 

small in respect of A C\ 


64] Cor. III. Suppose now that the matter of the plate is 
denser near the circumference than near the middle, and that the 
density at and near the middle is to the mean density, or the 
density which it would everywhere be of if the matter was spread 
imifonnly, as 8 to 1 ; the repulsion of the plate on EG will be less 
than if the matter was spread uniformly, in a ratio approaching 
much nearer to that of 8 to 1, than to that of equality. 

65] Cor. IV. Let everything be as in the last corollary, and 

let TT be taken to one, as the force with which the plate actually 
repels the column 21(7, being very great in respect of 

is to the force with which it would repel it, if the matter was spread 
uniformly ; the repulsion of the plate on EG will be to its repul- 
sion on I)G, in a ratio between that of -SC®"** x 8 to AG^“^ xV, and 
that of EG^ to AG^^ x •rr, but will approach much nearer to the 
former ratio than to the latter. 
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6G] Lemma XL In the lino DC produced, take CF equal 
to CA : if all the matter of the plate AB is collected in the cir- 
cumference, its repulsion on the column CDy infinitely continued, 
equal to the repulsion of the same quantity of matter collected 
in the point on the same' column. 

• 

For the repulsion of the plate on the column in the direction 
CDy is the same, whether the matter of it be collected in the whole 
circumference, or in the point A, Suppose it therefore to be col- 
lected in A \ and let an equal quantity of matter be collected in F\ 
take FG constantly ecpial to AB; and let AB and FG flow : the 
fluxion of CB is to the fluxion of FG, as AB to OB; and the 
repulsion of A on the point B, in the direction CB, is to the 
repulsion of F on O, as CD to AB; and therefore the fluxion 
of the repulsion of A on the column CB, in the direction CB, 
is equal to the fluxion of the repulsion of F on CG ; and when AB 
equals AC, the repulsion of both A and F on their respective 
columns vanishes ; and therefore the repulsion of A on the whole 
column CB equals that of jF on CG; and when CB and CG aro 
both infinitely extended, they may be looked upon as the same 
column. 

67] Prop. XVII. Let two similar bodies, of different sizes, 
and consisting of^different sorts of matter, be both overcharged, 
or both undercharged, but in different degrees; and let the re- 
dundance or deficience of fluid in each be very small in respect 
of the whole quantity of fluid in them: it is impossible for the 
fluid to be disposed accurately in a similar manner in both of 
them* ; as it has been shewn that there will be a space, close to 
the surface, which wilf either be as full of fluid as it can hold, 
or will be entirely deprived of fluid; but it will be disposed as 
nearly in a similar manner in both, as is possible. To explain 
this, let BBE and hde (Fig. 11) be the two similar bodies ; and 

* By the fluid being disposed in a similar manner in both bodies, I mean that 
the quantity of redundant or deficient fluid in any small part of one body, is to 
that in the corresponding small part of the other, as the whole quantity of re- 
dundant j:>r deficient fluid in one body, to that in the other. By the quantity 
of deficient fluid in a body, I mean the quantity of fluid wanting to saturate it. 
Notwithstanding the impropriety of this expression, I must beg leave to make use 
of it, as it will frequently save a great deal of circumlocution. [See Note 1.] 
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let the space comprehended between 
the surfaces BDE and FOH (or the 
space BF as I shall call it for shoiti- 
ness) be that part of BDE, which is 
either as full of fluid as it can hold, 
or entirely deprived of it : draw the 
surface fgh, such that the space hf 
shall be to the space BF, as the quan- 
tity of redundant or deficient fluid in 
hde, to that in BD% and that the thickness of the space shall 
everywhere bear the same proportion to the corresponding thick- 
ness of BF: then will the space hf be either as full of fluid as 
it can hold, or entirely deprived of it ; and the fluid within the 
space fgh will be disposed very nearly similarly to that in the 
space FGH. 

For it is plain, that if the fluid could be disposed accurately 
in a similar manner in both bodies, the fluid would be in equi- 
librio in one body, if it was in the other : therefore draw the surface 
ySSe, such that the thickness of the space shall be everywhere 
to the corresponding thickness of BF, as the diameter of hde to 
the diameter of BDE\ and let - the redundant fluid or matter 
in hf be spread uniformly over the space Bf\ then if the fluid 
in the space fgh is disposed exactly similarly, to that in FOH, 
it will be in equilibrio ; as the fluid will then be disposed exactly 
similarly in the spaces and BDE: but as by the supposi- 
tion, the thickness of the space ^f is very small in respect of 
the diameter of hde, the fluid or matter in the space hf will exert 
very nearly the same force on the rest of the fluid, whether it 
is spread over the space Pf, or whether it ip collected in hf 

68] Prop. XVIII. Let two bodies, B and h, be connected 
to each other by a canal of any kind, and be either over or un- 
dercharged : it is plain that the quantity of redundant or deficient 
fluid in B, would bear exactly the same proportion to that in 6, 
whatever sort of matter B consisted of, if it was possible for the 
redundant or deficient fluid in any body to be disposed accu- 
rately in the same manner, whatever sort of matter it consisted of. 
For suppose B to consist of any sort of matter ; and let tilie fluid 
in the canal and two bodies be in equilibrio ; let now B be made 
to consist of some other sort of matter, which requires a different 


Fig. 11. 
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69] 


auantity of*flui(l to saturate it ; but let the quantity and disposition 
of the . redundant or deficient fluid in it remain the same as before : 


it is plain that the fluid will still be in equilibrio ; as the attrac- 
tion or repulsion of any body depends only on the quantity and 
(fisposition of the redundant and deficient fluid in it. Therefore, 
by the preceding proposition, the quanjity of redundant or de- 
ficient fluid in B, will actually bear very nearly the same propor- 


tion to that in 6, whatever sort of matter B consists of ; provided 


the quantity of redundant or deficient fluid ip it is very small in 
respect of the whole. [See Exp. IV., Art, 26955 


69] Prop. XIX. Let two bodies B and h (Fig. 12) be con- 
nected together by a very slender 
canal ADda^ either straight or 
crooked: let the canal be every- 
where of the same breadth and thick- 
ness ; so that all sections of this canal 
made by planes perpendicular to the 
direction of the canal in that part, 
shall be equal and similar : let the 
canal be composed of uniform matter; 
and let the electric fluid therein be 
siij)posed incompressible, and of such density as exactly to satu- 
rate the matter therein ; and let it, nevertheless, be able to move 
readily along the canal ; and let each particle of fluid in the canal 
be attracted and repelled by the matter and fluid in the canal 
and in the bodies B and 6, just in the same manner that it would 
be if it was not incompressible* ; and let the bodies B and b be 
either over or undercharged. I say that the force with which 
the whole quantity of fluid in the canal is impelled from A to- 
wards D, in the direction of the axis of the canal, by the united 
attractions and repulsions of the two bodies, must be nothing ; as 
otherwise the fluid in the canal could not be at rest : observing 
that by the force with which the whole quantity of fluid is im- 
pelled in the direction of the axis of tjie canal, I mean the sum 
of the forces, with which the fluid in each part of the canal is 

impelled in the direction of the axis of the canal in that place, 

• 

* This supposition of the fluid in the canal being incompressible, is not men- 
tioned as a thing which can ever take place in nature, but is merely imaginary ; 
the reason for making of which will be given hereafter. 


Fig. 12. 
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from A towards D] and observing also, that an impulse in the 
contrary direction from D towards A must be looked upon as 
negative. 

For as the canal is exactly saturated with fluid, the fluid 
therein is attracted or repelled only by the redundant matter or 
fluid in the two bodies. Suppose now that the fluid in any section 
of the canal, as Ee, is impelled with any given force in the di- 
rection of the canal at that place, the section Dd would, in con- 
sequence thereof, be impelled with exactly the same force in the 
direction of the canal at Z), if the fluid between Eg and Dd was 
not at all attracted or repelled by the two bodies; and, conse- 
quently, the section Dd is impelled in the direction of the canal, 
with the sum of the forces, with which the fluid in each part of 
the canal is impelled by the attraction or repulsion of the two 
bodies in the direction of the axis in that part ; and conse([uently, 
unless this sum was nothing, the fluid in Dd could not be at rest. 


70] Cor. Therefore, the force with which the fluid in the 
canal is impelled one way in the direction of the axis, by the 
body By must be equal to that with which it is impelled by b 
in the contrary direction. 


71] Prop. XX. Let two similar bodies B and h (Fig. 13) be 
connected by the very slender 
cylindric or prismatic canal Aa^ 

filled with incompressible fluid, ^ ^ ^ ^ [ n \ 

in the same manner as described ^ 

in the preceding proposition: ^ \ / 

let the bodies be overcharged ; ^ 

but let the quantity of redundant fluid \n each bear so small a 
propoHion to the whole, that the fluid may be considered as dis- 
posed in a similar manner in both ; let the bodies also be simi- 
larly situated in respect of the canal Aa; and let them be placed 
at an infinite distance from each other, or at so great an one, that 
the repulsion of either body on the fluid in the canal shall not be 
sensibly less than if they were at an infinite distance: then, if 
the electric attraction and repulsion is inversely as the n power 
of the distance, n being greater than 1, and less than 3, the quan- 
tity of redundant fluid in the two bodies will be to each other 
as the n — 1 power of their corresponding diameters AF and af. 
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For if the quantity of redundant fluid in the two bodies is 
in this proportion, the repulsion of one body on the fluid in the 
canal will be equal to that of the other body on it in the con- 
trary direction ; and, consequently, the fluid will have no tendency 
to flow from one body to the other, as may thus be proved. Take 
the points D and E very near to each otjier; and take da to DA, 
and ea to EA, as af to AF\ the repulsion of the body J5 on a 
particle at D, will be to the repulsion of h on a particle at d, 


as to for, as the fluid is disposed similarly in both bodies, 
AJb aj 

the quantity of fluid in any small part of B, is to the quantity 
in the corresponding part of 6, as to a/""' ; and conse- 

quently the repulsion of that small part of B, on D, is to the 


repulsion of the corresponding part of 6, on d, as > or 


AF^ 


to But the quantity of fluid in the small part DE of the 

canal, is to that in de, as DE io de, or as AF to af; therefore the 
repulsion of B on the fluid in DE, is equal to that of b on the 
fluid in de : therefore, taking ag to Aa, as af to AF, the repulsion 
of h on the fluid in ag, is equal to that of B on the fluid in Aa ; 
but the repulsion of b on ag may be considered as the same as 
its repulsion on Aa\ for, by the supposition, the repulsion of B 
on Aa may be considered as the same as if it was continued 
infinitely; and therefore, the repulsion of h on ag may be con- 
sidered as the same as if it was continued infinitely. 


N.B. If n was not greater than 1, it would be impossible for 
the length of Aa to be so great, that the repulsion of B on it 
might be considered as the same as if it was continued infinitely ; 
which was my reason for "requiring n to be greater than 1. 


72] CoR, By just the same method of reasoning it .appears, 
that if the bodies are undercharged, the quantity of deficient fluid 
in h will be to that in B, as q/*""* to AF"""^. 

73] Prop. XXI. Let a thin fla,t plate be connected to any 
other body, as in the preceding proposition, by a canal of incom- 
pressible fluid, perpendicular to the plane of the plate; and let 
that body be overcharged, the quantity of redundant fluid in the 
plate will bear very nearly the same proportion to that in the 
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other body, whatever the thickness of the plate may be, provided 
its thickness is very small in proportion to its breadth, or smallest 
diameter. 

For there can be no doubt, but what, under that restrictiorii 
the fluid will be disposed very nearly in the same manner in the 
plate, whatever its thicteiess may be; and therefore its repulsion 
on the fluid in the canal will be very nearly the same, whatever 
its thickness may be. [See Exp. IV., Art. 272.] 

74] Prop. XXII. Let AB and DF (Fig 14) represent two 
equal and parallel circular plates, whose centres are C and E\ let 

Fig. 14. 

A D 


the plates be placed so, that a right line joining their centers 
shall be perpendicular to the plates; let the thickness of the 
plates be very small in respect of their distance CE\ let the 
plate AB communicate with the body H, and the plate DF with 
the body Z, by the c«anals CO and EM of incompressible fluid, 
such as are described in Prop. XIX; let these canals meet 
their respective plates in their centers C and E, and be per- 
pendicular to the plane of the plates ; and let their length be 
so great, that the repulsion of the plates on the fluid in them 
may be considered as the same as if they were continued infi- 
nitely; let the body H be overcharged, and let L be saturated. 
It is plain, from Prop. XII., that DF will be undercharged, and 
AB will be more overcharged than it would otherwise be. Sup- 
pose, now, that the redundant fluid in AB is disposed in the same 
manner as the deficient fluid is in DF\ let P be to .one as the 
force with which the plate AB would repel the fluid in VE, if 
the canal ME was continued to (7, is to the force witjji which 
it would repel the fluid in CM ; and let the force with which 
AB repels the fluid in CO^ be to the force with which it would 
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repel it, if the redundant fluid in it was spread uniformly, as v 
TT to 1 ; and let the force with which the body H repels the fluid 
in CGi be the same with which a quantity of redundant fluid, 
which we will call B, spread uniformly over ABy would repel it 
in the contrary direction. Then will the redundant fluid in AB 

be equal to therefore, •if P is very small, will 

be very nearly equal to and the deficient fluid in I)F will 

Z1 IT 

be to the redundant fluid in ABy as 1— P to 1, and then^fore, 
if P is very small, will be very nearly equal to the redundant 
fluid in AB. 

For it is plain, that the force with which AB repels the fluid in 
EMy must be equal to that with which DF attracts it ; for other- 
wise, some fluid would run out of DF into £, or out of L into DF: 
for the same reason, the excess of the repulsion of AB on the fluid 
in GOy above the attraction of FD thereon, must bo ecpial to the 
force with which a quantity of redundant fluid equal to P, spread 
uniformly over ABy would repel it, or it iwust be ccpial to that 

with which a quantity ecjiial to ^ , spread in the manner in which 

the redundant fluid is actually spread in A By would repel it. By 
the supposition, the force with which AB repels the fluid in EMy 
is to the force with which it would repel the fluid in GMy sup- 
posing EM to be continued to (/, as 1 — P to 1 ; but the force 
with which any ‘quantity of fluid in AB would repel the fluid 
in GMy is the same with which an equal quantity similarly dis- 
posed in DFy would repel the fluid in EM) therefore the force 
with which the reduiida'nt fluid in AB repels the fluid in EMy 
is to that with which an equal quantity similarly disposed in DFy 
would repel it, as 1 - P to 1 : therefore, if the redundant fluid 
in AB be called Ay the deficient fluid in jDPmust be ^ x 1 — P : 
for the same reason, the force with which DF attracts the fluid 
in GGy is to that with which AB repels it, as x 1 — P x 1 — P, 
or ^ X (1 — P)®, to A ) therefore, the excess of the force with which 
AB repels GQ above that with which DF attracts it, is equal 
\ to that •with which a quantity of redundant fluid equal to 
^ — A X (1 — P)®, ox A y. (2P- P®), spread over ABy in the 
M. 3 
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manner in which the redundjint fluid therein, is actually spread, 

JB 

would repel it ; therefore A x (2P — -P) must be equal to r--, ; or A 
must be equal to 27>^n“PV ’ ' ^ 


73] Cor. I. If the density of the red^dant fluid near the 
middle of the plate AB, is less than the mean density, or the 
density which it would everywhere be of, if it was spread uni- 
formly, in the ratio of 8 to 1 ; and if the distance of the two ’plates 
is so small, that is very small in respect of and that 

EC^"^ is very small in respect of the qiiantity of redundant 


B 

fluid in AB will be greater than x 


and less tlTan 


B AC ' 

28 ^ approach much nearer to the latter value 

than the former. For, in this case, Ptt is, by Lemma X. Corel. IV., 


less than 

AG^ 


, and greater than 


AC 


X 8, but approaches 


much nearer to the latter value than the former; and if 
is very small in respect of -40^", P is very small. 


76] Remarks. If I)F was not undercharged, it is certain., 
that AB would be considerably more overcharged near the cir- 
cumference of the circle than near the center ; for if the fluid was 
spread. unifonnly, a particle placed anywhere at a distance from 
the center, as at N, would be repelled with considerably more 
force towards the circumference than it would towards the center. 
If the plates are very near together, and,jDonsequGntly, PP nearly 
as much undercharged as J.P is overcharged, AB will still be more 
overcharged near the circumference than near the center, but the 
diflerence will not be near so great as in the former case : for, 
let NR be many times greater than CE, and less than GE; 
and take Er and Es equal to CR and CS, there can be no doubt, 

I think, but that the deficient fluid in DF will be lodged nearly 
in the same manner as the redundant fluid in AB; and therefore, 
the repulsion of the redundant fluid at R, on a particle at will 
be very nearly balanced by the attraction of the redundant matter ^ 
at r, for R is not much nearer to N than r is ; but the repulsion 
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of S will not be hear balanced by that of s ; for the distance of 8 
from if is much, lass than that of s. Let now a small circle, whose 
diameter is ST, be drawn round the center iV", on the plane of 
#the plate ; as the density of the fluid is greater at T than at S, 
the repliision of the "redundant fluid within the small circle tends 
to impel the pointy jST" towards C; but*as there is a much greater 
quantity of fluid Mtween K and B, than between iV' and A, the 
repulsion of the fldid without the small circle tends to balance 
that; but the effect of the fluid within the small circle is not. 
much less than it would be, if DF was not undercharged ; whereas 
much the greater ^part of the effect of that part of the plate on 
the outside of the circle, is taken off by the effect of the corre- 
sj^nding part of JDF: consequently, the difference of density be- 
tween T and 8 will not be near so great as if DF was not under- 
charged. Hence I should imagine, that if the two plates are very 
near together, the density of the redundant fluid near the center 
will not be much less than the mean density, or S will not be 
much less than 1 ; moreover, the less the distance of the plates, 
the nearer will S approach to 1. 


77] Cor. II. Let now the body H consist of a circular plate, 
of the same size as AB, placed so, that the canal CO shall pass 
through its center, and be perpendicular to its plane; by the 
supposition, the force with which H repels the fluid in the canal 
CO, is the same with which a (quantity of fluid, equal to B, spread 
uniformly ovgr AB, would repel it in the contrary direction : there- 
fore, if the fluid in the plate II was spread uniformly, the quantity 
of redundant fluid therein would bo B, and if it was all collected 
• 2B 

in the circumference, would be ; and therefore the real 

0—71 


quantity will be greater than B, and less than 


2B 

S—n' 


78] Cor. III. Therefore, if we suppose S to be equal to 1, 
the quantity of redundant fluid in AB will exceed that in the 


plate in a greater ratio than that of 


cm 


3 - « . , , 

X — , to 1, and 
4 


less than that of 


ZCi 

CBl 


|3-n 2 

X g to 1 ; and from the preceding remarks 


3—2 
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it appears that the real quantity of redundant fluid in AB can 
hardly be much greater than it would if h was equal to 1. 

79] Cor. IV. Hence, if the electric attraction and repulsion 

is inversely as the square of the distance, the redundant fluid c 
in ABy supposing 8 to be equal to 1, will exceed that in the 
plate Hy in a greater rafeo than that of AO to 4^GEy and less 
than that oi AC to 2GE, * 

80] Cor. V. Let now the body H consist of a globe, whose 
diameter equals AB ; the globe being situated in such a manner, 
that the canal CG, if continued, would pass through its center; 
and let the electric attraction and repulsion be inversely as the 
square of the distance, the quantity of redundant fluid in the 
globe will be 2 B : for the fluid will be spread uniformly over the 
surface of the globe, and its repulsion on the canal will be the 
same as if it was all collected in the center of the sphere, and 
will therefore be the same with which an equal quantity, disposed 
in the circumference of AB, would repel it in the contrary di- 
rection, or with which half that quantity, or B, would repel it, 
if spread uniformly over the plate. [See Art. 140.] 

81] Cor. VI. Therefore, if S was equal to 1, the redundant 
fluid in A B would exceed that in the globe, in the ratio of AG 
to 4tGE; and therefore, it will in reality exceed that in the globe, 
in a rather greater ratio than that of AG to 4(7£'; but if the 
plates are very near together, it will approach very near thereto, 
and the nearer the plates are, the nearer it will approach thereto. 


82] Cor. VII. Whether the electric repulsion is inversely 
as the square of the distance or not, if the body H is as much 
undercharged, as it was before overcharged, AB will be as much 
undercharged as it was before overcharged, and DF as much 
overcharged as it was before undercharged. 


83] Cor. VIII. If the size and distance of the plates be 
altered, the quantity of redundant or deficient fluid in the body H 
remaining the same, it appears, by comparing this proposition with 
the 20th and 21st propositions, that the quantity of redundant and 

AC^ 


deficient fluid in AB will be as -4 (7*“' x , or as 

jujLfl 

posing the value of 8 to remain the same *. 

[* Not© 4.] 


EC^ 


sup- 



8G] 


BENT CANAL. 


37 


84] Prop. XXIII. Let AE (Fig. 15) be a cylindric canal, 
infinitely continued beyond E\ and let AF be Fig. 16 . 
a bent canal, meeting tlie other at A, and in- 
•finitely continued beyond F: let the section of . / 

this canal, in all parts of it, be equal to that of 
the cylindric canal, and let both canalS be filled \ ^ 

with uniform fluid of the same density : the force \/ / 

with which a particle of fluid P, placed anywhere p / 

at pleasure, repels the whole quantity of fluid / 

in AFf in the direction of the canal, is the same 
with which it repels the fluid in the canal AE^ 
in the direction AE, 

On the center P, draw two circular arches BD and hdy infi-, 
nitely near to each other, cutting AE in B and and AF 
in D and 8, and draw the radii Pb and Pd, As PB = PZ>, the 
force with which P repels a particle at P, in the direction P/8, 
is to that with which it repels an equal particle at P, in the 

direction PS, as to , or as i to ; and therefore, the 
Bp PS Bp PS 

force with which it repels the whole fluid in P/8, in the direction 
P/8, is the same with which it repels the whole fluid in PS, in the 
direction PS, that is in the direction of the canal ; and therefore, 
the force with 'C^hich it repels the whole fluid in AP, in the 
direction AE, is the same with which it repels the whole fluid 
in AF^ in the direction of the canal. 


85] Cor. If the bent canal ADF^ instead of being inflnitely 
continued, meets the cylindric canal in P, as in 
Fig. IG, the repulsion P on the fluid in the bent jb 
canal ABE, in the direction of the canal, will still ' 

be equal to its repulsion on that in the cylindric \ 

canal AE, in the direction AE, \ 


8G] Prop. XXIV. If two bodies, for instance P r 
the plate AB, and the body H, of Prop. XXII. com- 
municate with each other, by a canal filled with A. 
incompressible fluid, and are either over or under- 
charged, the quantity of redundant fluid in them will bear the 
same proportion to each other, whether the canal by which they 
communicate is straight or crooked, or into whatever part of the 
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bodies the canal is inserted, or in whatever manner the two bodies 
ore situated in respect of each other ; provided that their distance 
is infinite, or so great that the repulsion of each body on the fluid 
in the canal shall not be sensibly less than if it was infinite. 

Let the parallelograms AB and DF (Fig. 17) represent tho 
two plates, and H and L \he bodies communicating with them : 


Fig. 17. 
H 




let now H bo removed to ; and let it communicate with AB 
by the bent canal gc ; the quantity of fluid in tho plates and 
bodies remaining the same ais before; anddet us, for the sake of 
ease in the demonstration, suppose the canal gc to be everywhere 
of the same thickness as tho canal GG) though the proposition 
will evidently hold good equally, whether it is or not : the fluid 
will still be in equilibrio. For let us first suppose the canal gc 
to be continued through the substance of the plate AB, to C, 
along the line crC ; the part orC being of the same thickness as 
the rest of the canal, and tho fluid in it of the same density : by 
the preceding proposition, the repulsion or attraction of each 
particle of fluid or matter in the plates AB and DF, on tho fluid 
in tho whole canal Greg, in tho direction of that canal, is equal 
to its rop(dsion or attnvetion on. the fluul in the canal CO, in the 
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direction C0\ and therefore the whole repulsion or attraction of 
the two plates on the canal Crcg, is equal to their repulsion or 
attraction on GG : but as the fluid in the plate AB is in equilibrio, 
^ach particle of fluid in the part Crc of the canal is impelled by 
the plates with as much force in one direction as the other ; and 
consequently the plates impel the fluiS in the canal eg with as 
much force as they do that in the whole canal Grcgy that is, with 
the same force that they impel the fluid in CO. In like manner 
the body h impels the fluid in eg with the same force that II docs 
the fluid in GG) and consequently h impels the fluid in eg one 
way in the direction of the canal, with the same force that the two 
plates impel it the contrary way; and therefore the fluid in eg 
has no tendency to flow from one body to the other. 

87] Cou. By the same method of reasoning, with the help 
of the corollary to the 2:3rd proposition, it appears, that if AB 
and II each communicate with a third body by canals of incom- 
pressible fluid, and a coniininiication is made between AB and H 
by another canal of incompressible fluid, the fluid will have no 
tendency to flow from one to the other through this canal ; sup- 
posing that the fluid was in equilibrio before this communication 
was made. In like manner if AB and H communicate with each 
otlier, or each communicate with a third body, by canals of real 
fluid, instead of the imaginary canals of incompressible fluid 
used in tliese propositions, and a communication is also made 
bcitwcen them by a canal of incompressible fluid, the fluid can 
have no tendency to flow from one to tlie other. The truth of tlie 
latter part of this corollary will appear by supposing an imaginary 
canal of incompressible^ fluid to be continued through the whole 
length of the real one. 

88] Prop. XXV, Let now a communication be made be- 
tween the two plates AB and DF, by the canal NRS of incom- 
pressible fluid, of any length ; and let tlie body H and the plate 
AB be overcharged. It is plain that the fluid will flow through 
that canal from AB to DF. Now the whole force with which 
the fluid in the canal is impelled along it by the joint action 
of the 4;wo plates is .the same with which the whole quantity of 
fluid in the canal CO or eg is impelled by them ; supposing the 
canal NRS to be everywhere of the same breadth and thickness 
as CO or eg. 
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For suppose that the canal jyJKfif, instead of communicating 
with the plate DF, is bent back just before it touches it, and con- 
tinued infinitely along the line Ss) the force with which the two 
plates impel the fluid in Ss, is the same with which they impefl 
that in EL, supposing Ss to be of the same breadth and thickness 
as EL ; Jind is therefore nothing ; therefore the force with which 
they impel tho fluid in NRS, is the same with which they impel 
that in NR & ; which is the same with which they impel that 
in CO. 

89] Prop. XXVI. Let now xyz [Fig. 17] be a body of an in- 
finite size, containing just fluid enough to saturate it; and let a 
communication be made between h and xyz, by the canal hy of 
incompressible fl^uid, of the same breadth and thickness as gc or 
GG\ the fluid will flow through it from h to xyz; and the force 
with which the fluid in that canal is impelled along it, is equal 
to that with which the fluid in NRS is impelled by the two plates. 

If the canal hy is of so great a length, that the repulsion 
of h thereon is the same as if it was continued infinitely, then the 
thing is evident : but if it is not, let the canal hy, instead of com- 
municating with xyz, so that the fluid can flow out of the canal 
into xyz, be continued infinitely through its substance, along the 
line yv : now if must be observed that a small part of the body 
xyz, namely, that which is turned towards h, will by the action 
of h upon it, be rendered undercharged; but all the rest of the 
body will be saturated; for the fluid driven out of the under- 
charged part will not make the remainder, which is supposed 
to be of an infinite size, sensibly overcharged : now the force with 
which the fluid in the infinite canal hyv is impelled by the body h 
and the undercharged part of xyz, is the same with which the fluid 
in go is impelled by them ; but as the fluid in all parts of xyz 
is in equilibrio, a particle in any part of yv cannot be impelled 
in any direction ; and therefore the fluid in hy is impelled with as 
much force as that in hyv; and therefore the fluid in hy is im- 
pelled with as much force as that in gc ; and is therefore impelled 
with as much force as tlie fluid in NRS is impelled by the two 
plates. 

90] It perhaps may be asked, whether this method of demon- 
stration would not equally tend* to prove that the fluid in hy was 
impelled with the same force as that in NRH, though xyz did not 



CANAL OF REAL FLUID. 


41 


93] 


contain just fluid enough to saturate it. I answer not ; for this 
demonstration depends on the canal yv being continued, within 
the body xyZy to an infinite distance beyond any over or under- 
dharged part; which could not be if xyz contained either more or 
less fluid than that 

91] Prop. XXVII. Let two bodies B and 6 (Fig. 13) be 
joined by a cylindric or prismatic canal Aa, filled with real fluid ; 
and not by any imaginary canal of incompressible fluid as in the 
20th proposition ; and let the fluid therein be in equilibrio : the 
force with which the whole or any given part of the fluid in the 
canal is impelled in the direction of its axis by the united re- 
pulsions and attractions of the redundant fluid or matter in the 
two bodies and the canal, must be nothing; or the force with 
which it is impelled one way in the direction of the axis of the 
canal, must be equal to that with which it is impelled the other way. 

For as the canal is supposed cylindric or prismatic, no particle 
of fluid therein can be prevented from moving in the direction of 
the axis of it, by the sides of the canal ; and therefore the force 
with which each particle is impelled either way in the direction 
of the axis, by the united attractions and repulsions of the two 
bodies and the canal, must be nothing, otherwise it could not be 
at rest; and therefore the force with which the whole, or any 
given part of the fluid in the canal, is impelled in the direction 
of the axis, must be nothing. 

92] Cor. I, If the fluid in the canal is disposed in such manner, 
that the repulsion or attraction of the redundant fluid or matter 
in it, on the whole or any given part of the fluid in the canal, has no 
tendency to impel it ekher way in the direction of the axis ; then 
the force with which that whole or given part is impelled by the 
two bodies must be nothing; or the force with which it is im- 
pelled one way in the direction of the axis, by the body 5, must 
be equal to that with which it is impelled in the contrary direc- 
tion by the other body ; but not if the fluid in the canal is dis- 
posed in a different manner. 

93] Cor. II. If the bodies, and consequently the canal, is 
overcharged ; then, in whatever manner the fluid in the canal 
is disposed, the force with which the whole quantity of redundant 
fluid in the canal is repelled by the body B in the direction Aay 

[* Note 5.] 
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must be equal to that with which it is repelled by b in the con- 
trary direction. For the force with wliich the redundant fluid is 
impelled in the direction Aa by its own repulsion, is nothing; 
for the repulsions of the particles of any body on each other hav^ 
no tendency to make the whole body move in any direction. 

94] Remarks. Wlien I first thought of the 20th and 22Qd 

propositions, I imagined tliat when two bodies were connected by 
a cylimlric canal of real fluid, tlie repulsion of one body on the 
whole quantity of fluid in the canal, in one direction, would be 
equal to that of the other body on it in the contrary direction, in 
whatever manner the fluid was disposed in the canal; and that 
therefore those propositions would have held good very nearly, 
though the bodies were joined by cylindric canals of real fluid ; 
provided the bodies, were so little over or undercharged, that the 
quantity of redundant or deficient fluid in the canal should bo very 
small in respect of the (piantity required to saturate it; and con- 
sequently that the fluid therein should be very nearly of the same 
density in all parts. But from the foregoing proposition it appears 
that I was mistaken, and that the repulsion of one body on the 
fluid in the canal is not equal to that of the other body on it, 
unless the fluid in the canal is disposed in a particular manner : 
besides that, when two bodies are both joined by a real canal, the 
attraction or repulsion of the red\indant matter or fluid in the 
canal has some tendency to alter the disposition of the fluid 
in the two bodies ; and in the 22nd proposition, the canal GG 
exerts' also some attraction or repulsion on the canal EM : on all 
which accounts the demonstration of those propositions is defective, 
when the bodies are joined by real canals. I have good reason 
however to think, that those proposition^ actually hold good very 
nearly when the bodies are joined by real canals; and that, 
whether the canals are straight or crooked, or in whatever di- 
rection the bodies are situated in respect of each other : though I 
am by. no means able to prove that they do : I therefore chose 
still to retain those propositions, but to demonstrate them on this 
ideal supposition, in which they are certainly true, in hopes that 
some more skilful mathematician may be able to shew whether 
they really hold good or not. [See Note 3.] . • 

95] What principally makes me think that this is the case, 
is tliat as far as I can judge from some experiments I have made*, 

[* Exp. III., Art. 265.] 
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the quantity of fluid in different bodies agrees very well with those 
propositions, on a supposition that the electric repulsion is in- 
versely as the square of the distance. It should also seem from 
those experiments, that the quantity of redundant or deficient 
fluid in two bodies bore very nearly the same proportion to each 
other, whatever is the shape of the canal by which they are joined, 
or in whatever direction they are situated in respect of each other. 

I 96] Though the above propositions should be found not to hold 
good when the bodies are joined by real canals, still it is evident, 
that in the 22nd proposition, if the plates AB and DF are very 
I near together, the quantity of redundant fluid in the plate AB 
! will be many times greater than that in the body J?*, supposing 
H to consist of a circular 'plate of the same size as AB, and DF 
will be near as much undercharged as AB is overcharged. 

97] Sir Isaac Newton supposes tliat air consists of particles 
[ which repel each other with a force inversely as the distance : but 
it appears plainly from the foregoing pages, that if the repulsion 
of the particles was in this ratio; and extended indefinitely to 
all distances, they would compose a fluid extremely different from 
common air. If the repulsion of the particles was inversely as 
the distance, but extended only to a given very small distance 
from their centers, they would compose a fluid of the same kind 
as air, in respect of elasticity, except that, its density would not be 
in proportion to its compression: if the distance to which the 
repulsion extends, though very small, is yet many times greater 
than the distance of the particles from each other, it might be 
' shewn, that the density of the fluid would be nearly as the square 
root of the compression. If the repulsion of the particles extended 
indefinitely, and was inv?jrsely as some higher power of the dis- 
tance than the cube, the density of the fluid would be as some 
power of the compression less than f. The only law of repulsion, 
1 can think of, which will agree with experiment, is one which 
seems not very likely ; namely, that the particles repel each other 
with a force inversely as the distance; but that, whether the 
density of the fluid is great or small, the repulsion extends only 
to the nearest particles : or, what comes to the same thing, that 
the distrfhee to which the repulsion extends, is very small, and 
also is not fixed, but varies in proportion to the distance of the 
particles *. 


[* Note 6,1 



•PART II. 


CONTAINING A COMPARISON OF THE FOREGOING 
THEORY WITH EXPERIMENT. 


98] § I. It appears from experiment, that some bodies 
suffer the electric fluid to pass with great readiness between their 
pores ; while others will not suffer it to do so without great diffi- 
culty; and some hardly suffer it to do so at all. The first sort 
of bodies are called conductors, the others non-conductors. 
What this difference in bodies is owing to I do not pretend to 
explain. 

It is evident that the electric fluid in conductors may be con- 
sidered as moveable, or answers to the definition given of that 
term in page 6. As to the fluid contained in non-conducting 
substances, though it docs not absolutely answer to the definition 
of immoveable, as it is not absolutely confined from moving, but 
only does so with great difficulty; yet it may in most cases be 
looked upon as such without sensible error. 

99] Air does in some measure permit the electric fluid to pass 
through it ; though, if it is dry, it lets it pass but very slowly, 
and not without difficulty; it is therefore to be called a non- 
conductor. 

It appears that conductors would readily suffer the fluid to 
run in and out of them, were it not for the air which surrounds 
them : for if the end of a conductor is inserted into a vacuum, 
the fluid runs in and out of it with perfect readiness ; but when 
it is surrounded on all sides by the air, as no fluid can run out 
of if without running into the air, the fluid will not do so without 
difficulty. , 

100] If any body is surrounded on all sides by the air, or other 
non-conducting substances, it is said to be insulated : if on the 
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other hand it anywhere* communicates with any conducting body, 
it is said to be not insulated. When I say that a body communi- 
cates with the ground, or any other body, I would be understood 
to mean that it does so by some conducting substance.; 

101] Though the terms positively and negatively electrified 
are much used, yet the precise sense in which they are to be 
understood seems not well ascertained ; namely, whether they are 
to be understood in the same sense in which I have used the words 
over or undercharged, or whether, when any number of bodies, 
insulated and communicating with each other by conducting sub- 
stances, are electrified by means of excited glass, they are all to 
be called positively electrified (supposing, according to the usual 
opinion, that excited glass contains more than its natural quantity 
of electricity) ; even though some of them, by the approach of ,a 
stronger electrified body, are made undercharged. I shall use the 
words in the latter sense ; but as it will be proper to ascertain the 
sense in which I shall use them more accurately, I shall give the 
following definition. 


102] In order to judge whether any body, as A, is positively 
or negatively electrified : suppose another body JB, of a given shape 
and size, to be placed at an infinite distance from it, and from any 
other over or undercharged body; and let B contain the same 
quantity of electric fluid as if it communicated with A hy a canal 
of incompressible fluid : then, if B is overcharged, I call A posi- 
tively electrified ; and if it is undercharged, I call A negatively 
electrified ; and the greater the degree in which B is over or 
undercharged, the greater is the degree in which A is positively or 
negatively electrified. 

103] It appears from the corollary to the 24th proposition, 
that if several bodies are insulated, and connected together by 
conducting substances, and one of these bodies is positively or 
negatively electrified, all the other bodies must be electrified in 
the same degree : for supposing a given body B to be placed at an 
infinite distance from any over or undercharged body, and to con- 
tain the same quantity of fluid as if it communicated with one of 
those bodies by a canal of incompressible fluid, all the rest of those 
bodies must by that corollary contain the same quantity of fluid as 
if they communicated with B by canals of incompressible fluid : 
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but yet it is possible that some of those bodies may be over- 
charged, and others undercharged : for suppose the bodies to be 
positively: electrified, and let an overcharged body D be brought 
near one of them, that body will become undercharged, provided 
D is sufficiei^tly overcliarged ; and yet by the definition it will still 
be positively electrified in the same degree as before. 

Moreover, if several bodies are insulated and connected to- 
gether by conducting substances, and one of these bodies is electri- 
fied by excited glass, there can be no doubt, I think, but what they 
will all be positively electrified; for if there is no other over or 
undercharged body placed near any of these bodies, the thing is 
evident ; and though some of these bodies may, by the approach of 
a sufficiently overcharged body, be rendered undercharged ; yet I 
do not sec how it is possible to prevent a body placed at an infinite* 
distance, and communicating with them by a canal of incompressi- 
ble fluid, from being overcharged. 

In like manner if one of tlicso bodies is electrified by excited 
sealing wax, they will all be negatively electrified 

104] It is impossible for any body communicating with the 
ground to be either positively or negatively electrified : for the 
earth, taking the whole together, contains just fluid enough to 
saturate it, and consists in general of conducting substances; and 
consequently though it is possible for small parts of the surface, of 
the earth to be rendered over or undercharged, by the approach of 
electrified clouds or other causes; yet the bulk of the earth, and 
especially the interior parts, must be saturated with olectrieity. 
Therefore assume any part of the earth which is itself saturated, 
and is at a great distance from any over or undercharged part ; 
any body communicating with the ground, contains as imich elec- 
tricity as if it communicated with this part by a canal of incom- 
pressible fluid, and therefore is not at all electrified. 

105] If any body A, insulated and saturated with electricity, 
is placed at a great distance from any over or undercharged body,, 
it is plain that it cannot be electrified ; but if an overcharged body 
is brought near it, it will be positively electrified; for supposing A 
to communicate with any body i?, at an infinite distance, by'^A 
canal of incompressible fluid, it is plain that unless J5 'is over- 
charged, the fluid in the canal could not be in equilibrio, but would 

t* Note 7.] 
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run from A B. For the same reason a body insulated and 
saturated with fluid, will be negatively electrified if placed near an 
undercharged body. 

106] § 2. The pluenomena of the attraction and repulsion of 
electrified bodies seem to agree exactly with the theory; as will 
appear by considering the following cases. ^ 

107] Case I. Let two bodies, A and 5, both conductors of 
electricity, and both placed at a great distance from any other 
electrified bodies, be brought near each other. Let A be insulated, 
and contain just fluid enough to saturate it ; and let B be posi- 
tively electrified. They will attnict each other ; for as B is posi- 
tively electrified, and at a great distance from any overcharged 
body, it will be overcharged ; therefore, on approaching A and B 
to each other, some fluid will be driven from that part of A which 
is nearest to B to the furtlier part : but when the fluid in A was 
spread uniformly, the repulsion of B on the fluid in A was equal 
to its attraction on the matter therein ; therefore, when some 
fluid is removed from those parts where the repulsion of B is 
strongest to those where it is weaker, B will repel the fluid in A 
with loss force than it attracts the matter ; and consequently the 
bodies will attract each other. 

108] Case II. If we now suppose that the fluid is at liberty 
to escape from out of A, if it has any disposition to do so, the 
quantity of fluid in it before the approach of B being still sufficient 
to saturate it; that is, if A is not insulated and not electrified, B 
being still positively electrified, they will attract with more force 
than before : for in this Ctase, not only some fluid will be driven 
from that part of A wliicji is nearest to 5 to the opposite part, but 
also some fluid will be driven out oi A, 

It must be observed, that if the repulsion of 2? on a particle 
at Ey T[Fig. 19) the fiirthest part of A, is 
very small in respect of its repulsion on 
an equal particle placed at 7), the nearest 
part of Ay the two bodies will attract with 
v^ nearly the same force, whether A is 
insulated or not; but if the repulsion of 
By on a particle at Ey is very near as great 
as on one at 2), they will attract with very little force if A is 


Fig. 19. 
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insulated. For instance, let a small overcharged ball '*be brought 
near one end of a long conductor not electrified ; they will attract 
with very near the same force, whether the conductor be insulated 
or not’; Ibut if the conductor be overcharged, and brought near a 
small unelectrified ball, they will not attract with near so much 
force, if the ball is insulated, as if it is not. 

109] Case III. If we now suppose that A is negatively 
electrified, and not insulated, it is plain that they will attract with 
more force than in the last case ; as A will be still more under- 
charged in this case, than in the last. 

110] N.B. In these three cases, we have not as yet taken 
notice of the effect which the body A will have in altering the 
quantity and disposition of the fluid in B] but in reality this will 
make the bodies attract each other with more force than they 
would otherwise do ; for in each of these cases the body A attracts 
the fluid in B\ which will cause some fluid to flow from the 
farther parts of B to the nearer, and will also cause some fluid to 
flow into it, if it is not insulated, and will consequently cause B to 
act upon A with more force than it would othei wise do. 

111] Casks IV. V. VI. Let us now suppose that B is nega- 
tively electrified ; and let A be insulated, and contain just fluid 
enough to saturate it ; they will attract each other ; for B will be 
undercharged ; it will therefore attract the fluid in and will cause 
some fluid to flow from the farthest part of A^ where it is attracted 
with less force, to the nearer part, where it is attracted with more 
force ; so that B will attract the fluid in A with more force than it 
repels the matter. 

If -4 is now supposed to be not insulated and not electrified, 
B being still negatively electrified, it is plain that they will attract 
with more force than in the last case : and if A is positively electri- 
fied, they will attract with still more force. 

In these three last cases also, the effect which A has in altering 
the quantity and disposition of the fluid in jB, tends to increase the 
force with which the two bodies attract. 

112] Case VII. It is plain that a non-conducting body satu- 
r«ated with fluid, is not at all attracted or repelled by an over or 
undercharged body, until, by .the action of the electrified body on 
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it, it has either acquired some additional fluid from the air, or had 
some driven out of it, or till some fluid is driven from one part of 
the body to the other. 

113] Case VIII. Let us now suppose thal^ the two bodies 
A and B are both positively electrified ic^the same degreoi It is 
plain, that were it not for the action of one body on the other, they 
would both be overcharged, and would repel each other. But it 
may perhaps be said, that one of them as A may, by the action of 
the other on it, be cither rendered undercharged on the whole, or 
at least may be rendered undercharged in that part nearest to B ; 
and that the attraction of this undercharged part on a particle of 
the fluid in I?, may be greater than the repulsion of the more 
distant overcharged part ; so that on the whole the body A may 
attract a particle of fluid in B. If so, it must be affirmed that the 
body B repels the fluid in A ; for otherwise, that part of A which 
is nearest to B could not be rendered undercharged. Therefore, to 
obviate this objection, let the bodies be joined by the straight 
canal DO oi incompressible fluid (Fig. 19). The body B will repel 
the fluid in all parts of this canal ; for as A is supposed to attract 
the fluid in B, B will not only be more overcharged than it would 
otherwise be, but it will also be more overcharged in that part 
nearest to A than in the opposite part. Moreover, as the near 
undercharged part of A is supposed to attract a particle of fluid in 
B with more force than the more distant overcharged part repels 
it ; it must, a fortiori, attract a particle in the canal with more 
force than the other repels it ; therefore the body A must attract 
the fluid in the canal; and consequently some fluid must flow from 
B to A, which is impossible ; for as A and B are both electrified in 
the same degree, they contain the same quantity of fluid as if they 
both communicated with a third body at an infinite distance, by 
canals of incompressible fluid; and therefore, by the corollary to 
Prop. 24, if a communication is made between them by a canal of 
incompressible fluid, the fluid would have no disposition to flow 
from one to the other. 

114] Case IX. But if one of the bodies as A is positively 
electrified in a less degree than B, then it is possible for the bodies 
to attract each other; for in this case the force with which B 
repels the fluid in A may be so great, as to make the body A 
either intirely undercharged, or at least to make the nearest part 

M. 4 
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of it so much undercharged, that A shall on the whole attract a 
particle of fluid in\S. 

It may be worth remarking with regard to this case, that when 
two bodies, both electrified positively but unequally, attract each 
other, you may by remo^ng them to a greater distance from each 
other, cause them to repel ; for as the stronger electrified body 
repels the fluid in the weaker with less force when removed to a 
greater distance, it will not be able to drive so much fluid out of it, 
or from the nearer to the further part, as when placed at a less 
distance. 


115] Cases X. and XL By the same reasoning it/ippears, 
that if the two bodies are both negatively electrified in the same 
degree, they must repel each other: but if they are both negatively 
electrified in difierent degrees, it is possible for them to attract 
each other. 

All these cases are exactly conformable to experiment. 

116] Case XII. Let two cork balls be suspended by con- 
ducting threads from the same positively electrified body, in such 
manner that if they did not repel, they would hang close together : 
they will both be equally electrified, and will repel each other : let 
now an overcharged body, more strongly electrified than them, be 
brought under them ; they will become less overcharged, and will 
separate less than before : on bringing the body still nearer, they 
will become not at all overcharged, and will not separate at all : 
and on bringing the body still nearer, they will become under- 
charged, and will separate again. 

t 

117] Case XIII. Let all the air of a room be overcharged, 
and let two cork balls bo suspended close to each other by conduct- 
ing threads communicating with the wall. By Prop. 15, it is 
highly probable that the balls will be undercharged ; and therefore 
they should repel each other. 

These two last cases are experiments of Mr Canton’s, and are 
described in Philosophical Tramactions 1753, p. 350, where are 
other experiments of the same kind, all readily explicable by the 
foregoing theory. 

I have now considered all the principal or fundamental cases of 
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electric attractions and repulsions which I can think of; all of 
which appear to agree perfectly with the theory* 


118] § 3. On the cases in which bodies receive electricity from 
or part with it to the air. 


Lemma I. Let the body A (Fig. G) ^either stand near some 


over or undercharged body, or at a 
distance from any. It seems highly 
probable, that if any part of its surface, 
as JlfiV, is overcharged, the fluid will 
endeavour to run out through that part, 
provided the air adjacent thereto is not 
overcharged. 


Fig. 6. 



For let O be any point in that surface, and P a point within 
the body, extremely near to it ; it is plain that a particle of fluid 
at P must be repelled with as much force in one direction as 
another (otherwise it could not be at rest) unless all the fluid 
between P and O is pressed close together, in which case it may 
be repelled with more force towards G than it is in the contrary 
direction : now a particle at G is repelled in the direction PG, ie. 
from P to Gj by all the redundant fluid between P and G ; and a 
particle at P is repelled by the same fluid in the- contrary direc- 
tion ; so that as the particle at P is repelled with not less force in 
the direction PG than in the contrary, I do not see how a particle 
at 0 can help being repelled with more force in that direction 
than the contrary, unless the air on the outside of the surface JfiV 
was more overcharged than the space between P and G, 

In like manner, if any part of the surface is undercharged, the 
fluid will have a tendency*to run in at that part from the air. 

The truth of this is somewhat confirmed by the third problem ; 
as in all the cases of that problem, the fluid was shewn to* have a 
tendency to run out of the spaces AD and EH, at any surface 
which was overcharged, and to run in at any which was under- 
charged. 


119] Cor. I. If any body at a distance from other over or 
undercharged bodies be positively electrified, the fluid will gradu- 
ally run out of it from all parts of its surface into the adjoining 
air; as it is plain that all parts of the surface of that body will bo 

[* Note 8.] 
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overcharged ; and if the body is negatively electrified, the fluid 
will gradually run into it at all parts of its surface from the adjoin- 
ing air. 

120] Cor. II. Let the body A (Fig. 6) insulated and con- 
taining just fluid enough to saturate it, be brought near the over- 
charged body that part of the surface of A which is turned 
towards B will by Prop. II. be rendered undercharged, and will 
therefore imbibe electricity from the air ; and at the opposite 
surface R8^ the fluid will run out of the body into the air. 

121] Cor. III. If we now suppose that A is not insulated, 
but communicates with the ground, and consequently that it con- 
tained just fluid enough to saturate it before the approach of B, 
it is plain that the surface MN will be more undercharged than 
before ; and therefore the fluid will run in there with more force 
than before ; but it can hardly have any disposition to run out at 
the opposite surface R8\ for if the canal by which A communi- 
cates with the ground is placed opposite to By as in figure 5, then 
the fluid will run out through that canal till it has no longer any 
tendency to run out at R8\ and by the remarks at the end of 
Prop. 27, it seems probable, that the fluid in A will be nearly in 
the same quantity, and disposed nearly in the same manner, into 
whatever part of A the canal is inserted by which it communicates 
with the ground. 

122] Cor. IV. If B is undercharged the case will be re- 
versed ; that is, it will run out where it before run in, and will run 
in where it before run out. 

As far as I can judge, these corollaries seem conformable to 
experiment : thus far is certain, that bodies at a distance from 
other electrified bodies receive electricity from the air, if negatively 
electrified, and part with some to it if positively electrified : and a 
body not electrified and not insulated receives electricity from the 
air if brought near an overcharged body, and loses some when 
brought near an undercharged body : and a body insulated and 
containing its natural quantity of fluid, in some cases, receives, and 
in others loses electricity, when brought near an over or under- 
charged body. ^ 

123] § 4. The well-known effects of points in causing a 
quick discharge of electrioity seem to agree very well with this 
theory. 
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It appears from the 20th proposition, that if two similar bodies 
of different sizes are placed at a very great distance from each 
other, and connected by a slender canal, and overcharged, the force 
with which a particle of fluid placed close to corresponding parts of 
their surface is repelled from them, is inversely as the correspond- 
ing diameters of the bodies. If the distance of the two bodies is 
small, there is not so much difference in the force with which the 
particle is repelled by the two bodies; but still, if the diameters of 
the two bodies are very different, the particle will be repelled with' 
much more force from the smaller body than from the larger. It 
is true indeed that a particle placed at a certain distance from the 
smaller body, will be repelled with less force than if it be placed 
at the same distance from the greater body ; but this distance is, 
I believe, in most cases pretty considerable; if the bodies are 
spherical, and the repulsion inversely as the square of the distance, 
a particle placed at any distance from the surface of the smaller 
body less than a mean proportional between the radii of the two 
bodies, will be repelled from it with more force than if it be placed 
at the same distance from the larger body. 

I think therefore that we may be well assured that if two 
similar bodies are connected together by a slender canal, and are 
overcharged, the fluid must escape faster from the smaller body 
than from an equal surface of the larger ; but as the surface of the 
larger body is greatest, I do not know which body ought to lose 
most electricity in the same time ; and indeed it seems impossible 
to determine positively from this theory which should, as it de- 
pends in great measure on the manner in which the air opposes 
the entrance of the electric fluid into it. Perhaps in some degrees 
of electrification the sma^er body may lose most, and in others the 
larger. 

124] Let now ACB (Fig. 18) be a conical point standing on 
any body DAB^ C being the vertex of the 
cone; and let DAB be overcharged: I ima- 
gine that a particle of fluid placed close to 
the surface of the cone anywhere between b 
and C, must be repelled with at least as 
much, if not more, force than it would, if 
the part AabB of the cone was taken away, 
and the part aCb connected to DAB by a slender canal; and con- 


Fig. 18. 
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sequently, from what has been said before, it seems reasonable to 
suppose that the waste of electricity from the end of the cone must 
be very great in proportion to its surface; though it does not 
appear from this reasoning whether the waste of electricity from 
the whole cone should be greater or less than from a cylinder of 
the same base and altitude*. 

All which has been here said relating to the flowing out of 
electricity from overcharged bodies, holds equally true with regard 
to the flowing in of electricity into undercharged bodies. 

125] But a circumstance which I believe contributes as much 
as any thing to the quick discharge of electricity from points, is 
the swift current of air caused by them, and taken notice of by 
Mr Wilson and Dr Priestly {vide Priestly, p. 117 and 591); and 
which is produced in this manner. 

If a globular body ABD is overcharged, the air close to it, all 
round its surface, is rendered overcharged by the electric fluid 
which flows into it from the body; it will therefore be repelled by 
the body; but as the air all round the body is repelled with the 
same force, it is in equilibrio, and has no tendency to fly off from 
it. If now the conical point A CB be made to stand out from the 
globe, as the fluid will escape much faster in proportion to the 
surface from the end of the point than from the rest of the body, 
the air close to it will bo much more overcharged than that close 
to the rest of the body ; it will therefore be repelled with much 
more force; and consequently a current of air will flow along the 
sides of the cone, from B towards (7; by which means there is a 
continual supply of fresh air, not much overcharged, brought in 
contact with the point; whereas otherwise the air adjoining to it 
would be so much overcharged, that the electricity would have but 
little disposition to flow from the point into it. 

The same current of air is produced in a less degree, without 
the help of the point, if the body, instead of being globular, is 
oblong or flat, or has knobs on it, or is otherwise formed in such 
manner as to make the electricity escape faster from some parts of 
it than the rest. 

In like manner, if the body ABD be undercharged^ the air 
adjoining to it will also be undercharged, and will therefore be 

[* Note 9.] 
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repelled by it; but as the air close to the end of the point will be 
more undercharged than that close to the rest of the body, it will 
be repelled with much more force ; which will cause exactly the 
same current of air, flowing the same way, as if the body was over- 
charged; and consequently the velocity with which the electric 
fluid flows into the body, will be very nflich increased. I believe 
indeed that it may be laid down as a constant rule, that the faster 
the electric fluid escapes from any body when overcharged, the 
faster will it run into that body when undercharged. 

Points are not the only bodies which cause a quick discharge 
of electricity; in particular, it escapes very fast from the ends of 
long slender cylinders ; and a swift current of air is caused to flow 
from the middle of the cylinder towards the end: this will easily 
appear by considering that the redundant fluid is collected in 
much greater quantity near the ends of the cylinders than near 
the middle. The same thing may be said, but I believe in a less 
degree, of the edges of thin plates. 

What has been just said concerning the current of air, serves 
to explain the reason of the revolving motion of Dr Hamilton’s 
and Mr Kinnersley’s bent pointed wires, vide Philosophical Trans. 
Vol. LL, p. 905, and Vol. Llli., p. 86; also Priestly, p. 429: for 
the same repulsion which impels the air from the thick part of the 
wire towards the point, tends to impel the wire in the contrary 
direction. 

126] It is well known, that if a body B is positively electrified, 
and another body A, communicating with the ground, be then 
brought near it, the electric fluid will escape faster from B, at that 
part of it which is turned towards than before. This is plainly 
conformable to theory ; for as ^4 is thereby rendered undercharged, 
B will in its turn be made more overcharged, in that part of it 
which is turned towards -4, than it was before. But it is also well 
known that the fluid will escape faster from By if A be pointed, 
than if it be blunt; though B will be less overcharged in this case 
than in the other; for the broader the surface of A, which is 
turned towards B, the more effect will it have in increasing the 
overcharge of B. The cause of this phienomenon is as follows : 

If A is pointed, and the pointed end turned towards 7?, the air 
close to the point will be very much undercharged, and therefore 
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will be strongly repelled by- A, and attracted by li, which will 
cause a swift current of air to flow from it towards B; by which 
means a constant supply of undercharged air will be brought in 
contact with B, ■which will accelerate the discharge of electricity 
from it in a very great degree: and moreover, the more* pointed A 
is, the swifter will be tftis current. If, on the other hand, that 
end of A which is turned towards B is so blunt, that the electri- 
city is not disposed to run into A faster than it is to run out of B, 
the air adjoining to JS may be as much overcharged as that adjoin- 
ing to A is undercharged; and therefore may by the joint repulsion 
of B and attraction of A, be impelled from B to A, with as much 
or more force than the air adjoining to A is impelled in the con- 
trary direction; so that what little current of air there is may flow 
in the contrary direction. 

It is easy applying what has been here said to the case in 
which B is negatively electrified. 

127] § 5. In the paper of Mr Cantonas, quoted in the second 
section, and in a paper of Dr Franklin’s Philosophical Transactions 
1755, p. 300, and Franklin’s letters p. 155, are some remarkable 
experiments, shewing that when an overcharged body is brought 
near another body, some fluid is driven to the further end of this 
body, and also some driven out of it, if it is not insulated. The 
experiments are all strictly conformable to the 11th, 12th, and 
13th propositions : but it is needless to point out the agreement, 
as the explanation given by the authors does it sufficiently. 

128] § 6. On the Leyden vial. 

» 

The shock produced by the Leyden vial seems owing only to 
the great quantity of redundant fluid collected on its positive side, 
and the great deficiency on its negative side; so that if a conductor 
was prepared of so great a size, as to be able to receive as much 
additional fluid by the same degree of electrification as the positive 
side of a Leyden vial, and was positively electrified in the same 
degree as the vial, I do not doubt but what as great a shock would 
be produced by making a communication between this conductor 
and the ground, as between the two surfaces of the Leyden vial, 
supposing both communications to be made by canals of the same 
length and same kind. 
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It appears plainly from the experiments which have been made 
on this subject, that the electric fluid is not able to pass through 
the glass; but yet it seems as if it was able to penetrate without 
much difliculty to a certain small depth, perhaps I might say an 
imperceptible depth within the glass ; as Dr Franklin’s analysis of 
the Leyden vial shews that its electricity is contained chiefly in 
the glass itself, and that the coating is not greatly over or under- 
charged. 

It is well known that glass is not the only substance which can 
be charged in the manner of the Leyden vial; but that the same 
effect may be produced by any other body, which will not suffer 
the electricity to pass through it. 

129] *Hence the phsenomena of the vial seem easily explica- 
ble by means of the 22nd proposition. For let 
ACGM, Fig. 20, represent a flat plate of glass 
or any other substance which will not suffer 
the electric fluid to pass through it, seen edge- 
ways ; and let BhdD^ and EefF, or Bd and Ef^ 
as I shall call them for shortness, be two plates 
of conducting matter of the same size, placed 
in contact with the glass opposite to each other; 
and let Bd be positively electrified; and lot 
Ef communicate with the ground; and let the 
fluid be supposed either able to enter a little 
way into the glass, but not to pass through it, 
or unable to enter it at all; and if it is able to 
enter a little way into it, let or 68, as I 
shall call it, represent that part of the glass into 
which the fluid can entbr from the plate Bd, and e<f>, that which 
the fluid from Ef can enter. By the abovementioned proposition, 
if he, the thickness of the glass, is very small in respect of Id, the 
diameter of the plates, the quantity of redundant fluid forced into 
the space Bd, or BB, (that is, into the plate Bd, if the fluid is un- 
able to penetrate at all into the glass, or into the plate Bd, and the 
space 68 together, if the fluid is able to penetrate into the glass,) 

* The following explication is strictly applicable only to that sort of Leyden 
vial, whidh consists of a flat plate of glass or other matter. It is evident, however, 
that the result must be nearly of the same kind, though the glass is made into the 
shape of a bottle as usual, or into any other form j but I propose to consider those 
sort of Leyden vials more particularly in a future paper. 


Fig. 20. 
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•will be many times greater than what would be forced into it by 
the same degree of electrification if it had been placed by itself ; 
and the quantity of fluid driven out of E(f> will be nearly equal to 
the redundant fluid in US. 

If a communication be now made*.between BS and E<l>, by the 
canal NR8, the redundant fluid will run from B8 to Etf } ; and if 
in its way it passes through the body of any animal, it will by the 
rapidity of its motion produce in it that sensation called a shock. 

130] It appears from the 2Gth proposition, that if a body of 
any size was electrified in the same degree as the plate Bd, and a 
communication was made between that body and the ground, by a 
canal of the same length, breadth and thickness as Jfi’ItS; that 
then the fluid in that canal would be impelled with the same force 
as that in NRS, supposing the fluid in both canals to be incom- 
pressible ; and consequently, as the quantity of fluid to be moved, 
and the resistance to its motion is the same in both canals, the 
fluid should move with the same rapidity in both : and I see no 
reason to think that the case will be diferent, if the communica- 
tion is made by canals of real fluid. 

Therefore what was said in the beginning of this section, 
namely, that as great a shock would bo produced by making a 
communication between the conductor and the ground, as between 
the two sides of the Leyden vial, by canals of the same length and 
same kind, seems a necessary consequence of this theory ; as the 
quantity of fluid which passes through the canal is, by the suppo- 
sition, the same in both; and there is the greatest reason to think, 
that the rapidity with which it passes will be nearly if not quite 
the same in both. I hope soon to be able to say whether this 
agrees with experiment as well as theory. 

131] It may be worth observing, that the longer the canal 
NBS is, by which the communication is made, the less will be the 
rapidity with which the fluid moves along it ; for the longer the 
canal is, the greater is the resistance to the motion of the fluid in 
it; whereas the force with which the whole quantity of fluid in it 
is impelled, is the same whatever be the length of the canal. 
Accordingly, it is found in melting small wires, by directing a 
shock through them, that the longer the wire the greater charge it 
requires to melt it. 
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132] As the fluid in is attracted with great force by the 
redundant matter in it is plain that if the fluid is able to 
penetrate at all into the glass, great part of the redundant fluid 
will be lodged in and in like manner there will be a great 
deficience of fluid in ecfi. But in order to form some estimate of 
the proportion of the redundant fluid which will be lodged in 68, 
let the communication between ^and the ground be taken away, 
as well as that by which Bd is electrified ; and let so much fluid 
be taken from JBS, as to make the redundant fluid therein equal 
to the deficient fluid in E<f>. If we suppose that all the redundant 
fluid is collected in 6S, and all the deficient in e(f>, so as to leave 
Bd and Ef saturated ; then, if the electric repulsion is inversely 
as the square of the distance, a particle of fluid placed anywhere 
in the plane hd, except near the extremities h and d, will be 
attracted with very near as much force by the redundant matter 
in e^, as it is repelled by the redundant fluid in 68; but if the 
repulsion is inversely as some higher power than the square, it 
will be repelled with much more force by 68, than it is attracted 
by provided the depth 6/3 is very small in respect of the thick- 
ness of the glass; and if the repulsion is inversely as some lower 
power than the square, it will be attracted with much more force 
by than it is repelled by 68. Hence it follows, that if the 
depth to which the fluid can penetrate is very small in respect of 
the thickness of the glass, but yet is such that the quantity of 
fluid naturally contained in 68, or e<l), is considerably more than 
the redundant fluid in BS ; then, if the repulsion is inversely as 
the square of the distance, almost all the redundant fluid will be 
collected in 68, leaving the plate Bd not very much overcharged ; 
and in like manner Ef will be not very much undercharged : if 
the repulsion is inversely as some higher power than the square, 
Bd will be very much overcharged, and Ef very much under- 
charged : and if the repulsion is inversely as some lower power 
than the square, Bd will be very much undercharged, and Ef very 
much overcharged. 

133] Suppose, now, the plate Bd to be separated from the 
plate of glass, still keeping it parallel thereto, and opposite to the 
same jfart of it that it before was applied to; and let the repulsion 
of the particles be inversely as some higher power of the distance 
than the square. When the plate is in contact with the glass, the 
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repulsion of the redundant fluid in that plate, on a particle in the 
plane 6ci, id est, the inner surface of the plate, must be equal to 
the excess of the repulsion of the redundant fluid in 68 on it, 
above the attraction of E(f> on it ; therefore, when the plate Bd is 
removed ever so small a distance from the glass, the repulsion of 
the redundant fluid in the plate, on a particle in the inner surface 
of that plate, will be greater than the excess of the repulsion of 
68 on it, above the attraction of ; for the repulsion of 68 will 
be much more diminished by the removal, than the attraction of 
E(f> : consequently, some fluid will fly from the plate to the glass, 
in the form of sparks: so that the plate will not be so much 
overcharged when removed from the glass, as it was when in 
contact with it. I should imagine, however, that it would still be 
considerably overcharged. 

If one part of the plate is separated from the glass before the 
rest, as must necessarily be the case, if it consists of bending 
materials, I should guess it would be at least as much, if not more, 
overcharged, when separated, as if it is separated all at once. 

In like manner, it should seem that the plate Ef will be con- 
siderably undercharged, when separated from the glass, but not so 
much so as when in contact with it. 

From the same kind of reasoning I conclude, that if the 
repulsion is inversely as some lower power of the distance than 
the square, the plate Bd will be considerably undercharged, and 
Ef considerably overcharged, when separated from the glass, but 
not in so great a degree as 'v^hen they are in contact with it. 

134] § 7. There is an experiment oft-Mr. Wilke and iEpinus, 
related by Dr. Priestly, p. 258, called by them, electrifying a plate 
of air : it consisted in placing two large boards of wood, covered 
with tin plates, parallel to each other, and at some inches asunder. 
If a communication was made between one of these and the 
ground, and the other was positively electrifled, the former was 
undercharged; the boards strongly attracted each other; and, on 
making a communication between them, a shock was felt like that 
of the Leyden vial. 

I am uncertain whether in this experiment the air contained 
between the two boards is very much overcharged on one side, 
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and very much Undercharged on the other, as is the case with the 
plate of glass in the Leyden vial ; or whether the case is, that the 
redundant or deficient fluid is lodged only in the two boards, and 
that the air between them serves only to prevent the electricity 
from running from one board to the other : but whichever of these 
is the case, the experiment is equally conTormable to the theory 

It must be observed, that a particle of fluid placed between 
the two plates is drawn towards the undercharged plate, with a 
force exceeding that with which it would be repelled from the 
overcharged plate, if it was electrified with the same force, the 
other plate being taken away, nearly in the ratio of twice the 
quantity of redundant fluid actually contained in the plate, to that 
which it would contain, if electrified with the same force by itself ; 
so that, unless the plate is very weakly electrified, or their distance 
is very considerable, the fluid will be apt to fly from one to the 
other, in the form of sparks. 

135] § 8. Whenever any conducting body as A, communi- 
cating with the ground, is brought sufficiently near an overcharged 
body the electric fluid is apt to fly through the air from B to 
A, in the form of a spark : the way by which this is brought about 
seems to be this. The fluid placed anywhere between the two 
bodies, is repelled from B towards Ay and will consequently move 
slowly through the air from one to the other : now it seems as if 
this motion increased the elasticity of the air, and made it rarer : 
this will enable the fluid to flow in a swifter current, which will 
still further increase the elasticity of the air, till at last it is so 
much rarified, as to form very little opposition to the motion of 
the electric fluid, upoit which it flies in an uninterrupted mass 
from one body to the other. 

In the same manner may the electric fluid pass from one body, 
to another, in the form of a spark, if the first body communicates 
with the ground, and the other body is negatively electrified, or in 
any other case in which one body is strongly disposed to part with 
its electricity to the air, and the other is strongly disposed to 
receive it. 

136] In like manner, when the electric fluid is made to pass 

[* See Articles 344, 345, 511, 51C.] 
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through water, in the form of a spark, as in Signor Beccaria’s* 
and Mr. Lane’s ■(■ experiments, I imagine that the water, by the 
rapid motion of the electric fluid through it, is turned into an 
elastic fluid, and so much rarifled as to make very little opposition 
to its motion : and when stones are burst or thrown out from 
buildings struck by lightning, in all probability that effect is 
caused by the moisture in the stone, or some of the stone itself, 
being turned into an elastie fluid. 

137] It appears plainly, from the sudden rising of the water 
in Mr. Kinnersley’s electrical air thermometer J, that when the 
electric fluid passes through the air, in the form of a spark, the air 
in its passage is either very much rarifled, or intirely displaced : 
and the bursting of the glass vessels, in Beccaria’s and Lane’s 
experiments, shews that the same thing happens with regard to 
the water, when the electric fluid passes through it in the form of 
a spark. Now, I see no means by which the displacing of the air 
or water can be brought aboul^ but by supposing its elasticity to 
be increased, by the motion of the electric fluid through it, unle.ss 
you suppose it to be actually pushed aside, by the force with 
which the electric fluid endeavours to issue from the overcharged 
body : but I can by no means think, that the force with which the 
fluid endeavours to issue, in the ordinary cases in which electric 
sparks are produced, is sufficient to overcome the pressure of the 
atmosphere, much less that it is sufficient to burst the glass vessels 
iu Beccaria’s and Lane’s experiments. 

138] The truth of this is conflrmed by Prop. XVI. For, let 
an undercharged body be brought near to, and opposite to the end 
of a long cylindrical body communicating with the ground, by that 
proposition the pressure of the electric fluid against the base of 
the cylinder is scarcely greater than the force with which the two 
bodies attract each other, provided that no part of the cylinder 
is undercharged ; which is very unlikely to be the case, if the 
electric repulsion is inversely as the square of the distance, as I 
have great reason to believe it is ; and, consequently, if the spark 
was produced by the air being pushed aside by the force with 
which the fluid en'deavours to issue from the cylinder, no sparks 

• Elettrictmo artificiale e naturaUj p. 110, Priestly, p. 209, 

t PUL Tram. 1767, p;461. 

t Phil. Tram. 1763, p. 84. Priestly, p. 216. 
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should be produced, unless the electricity was so strong, that the 
force with which the bodies attracted each other was as great as 
the pressure of the atmosphere against the base of the cylinder : 
whereas it is well known, that a spark may be produced, when the 
force, with which the bodies attract, is very trifling in respect of 
that *. ’ 

139] One may frequently observe, in discharging a Leyden 
vial, that if the two knobs are approached together very slowly, a 
hissing noise will be perceived before the spark; which shews, 
that the fluid begins to flow from one knob to the other, before it 
passes in the form of a spark ; and therefore serves to confirm the 
truth of the opinion, that the spark is brought about in the 
gradual manner here described. 

I* Note 10.] 
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PRELIMINARY PROPOSITIONS^ 


In this and all tho following propositions and lemmata the electric 
attraction and repulsion is su 2 )posed to be inversely as the square of 
the distance. 

140] Prop. XXIX. Let a thin circular plate be connected to a globe 
[of the same diameter] placed at an infinite distance from it by a straight 
canal of incompressible fluid such as is described in Pr. xix., perpen- 
dicular to the plane of the plate and meeting it in its center, and let 
them be overcharged. 

If we suppose that part of the redundant fluid in the plate is spread 
uniformly, and that the remainder is dis^^osed in its circumference, and 
that the part which is spread uniformly is to that which is disposed in 
the circumference as •p to one, the q\iantity of redundant fluid in tho 
plate will be to that in the globe as ^ + 1 to 2^? + L 

For by Prop. XXII,, Cor. v., the force with which that part of the 
redundant fluid in the plate which is disposed in the circumference 
repels the fluid in the canal is the same with which an equal quantity 
placed in the globe repels it in the contraiy direction, and the repulsion 
of that part which is spread uniformly is tho same as that of twice that 
quantity placed in the globe, and therefore the repulsion of a quantity 
of fluid equal to + 1 disposed in the plate as expressed in the proposi- 
tion is equal to that of the quantity 2p + 1 placed in the globe. 

141] Prop. XXX. Fig. 1. Let two equal thin circular plates AB 
and ah communicate with each other, and also with a third circular plate 

Fig. 1. 



[* Hitherto unpublished.] 



REPULSION ON A COLUMN. 


63 


142] 

EF of the imme size and shape and placed at an infinite distance from 
them, by the stmight canal CD of incompressible fluid. Let the three 
plates be all parallel to each other and be placed so that CD shall pass 
through their centers and be .perpendicular to their planes, and let the 
plates be overcharged. The quantity of redundant fluid in each of the 
plates AB and ah will bo to that in EF as the repulsion of the plate ah 
on the canal cD to the sum of the repulsion^ on cD and fD {cf being 
taken equal to cC)^ supposing that the redundant fluid in all three plates 
is disposed in the same manner. 

For first, as the plates AB and ah are at an infinite distance from 
any other over or undercharged body, the repulsion of AB on the canal 
Cc in one direction must be equal to that of ah on it in the contrary, and 
therefore the redundant fluid in AB must be equal to that in oi. 

Secondly, the sum of the repulsions of AB and a6 on the*^canal cD 
must be equal to that of EF on it in the contrary direction, as otherwise 
some fluid must flow from ah to EF or from EF to cCh, But as all three 
plates are of the same size, and the fluid in them is disposed in the same 
manner, the repulsions of EF and ah on cD will bo to each other as the 
quantity of redundant fluid in them, and therefore the quantity of 
redundant fluid in ah will be to that in EF as the repulsion of ah on CD 
to the sum of the repulsions of AB and ah on it, that is, as the repulsion 
of ah on cD to the sum of its repulsions on fD and for the repulsion 
of AB on cD is equal to the repulsion of ah on fD *, 


142] Cor. I. If the fluid in these plates is disposed in the same 
manner as in Prop. XXIX. the qufintity of redundant fluid in each 
of the plates AB and ah will be to that in EF as 

/rta 

AC(p + i) to AC(p + J) +p (Ao- Cc) + . 

For by Lemma X. the repulsion of a given quantity of fluid spread 
uniformly over ah on the column cD ; the repulsion of the same fluid 
on cf; the repulsion of the same quantity of fluid collected in the cir- 
cumference of the i)late ah on tlie column cD ; and the repulsion of 

the same fluid on cf are to c^ch other ^ac; ac-^cf —of ; ~ and ~ 

and therefore the whole repulsion of the plate ah on cD is to its re- 
pulsion on cf as 


ao . j, ac ac' 

i»xac+^ . p»-(,ac + c/-af) + T^-^, 


and therefore the repuleion ot ah on cZ) is to the sum of its repulsions 
on cD and fD as * 

ac^ 

acx(p + ^) : ac {2p + l)-p {ac + qf-a/)-j + ^ , 


or as 


ac(p + ^) : ac(p^i)+p(af-rf)-h 

[* Noto'll]. 


M. 
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143] Cor. II. Therefore if all the redundant fluid in the plates 
is spread uniformly, the redundant fluid in each of the plates AB and ah 
will be to that in BF AG ; AC+Ac-~CCf and if it is all collected in 

A G‘ 

the circumference, as AC : AC + — i— . 

Ac 

144] Cor. III. By Prop. XXIV. it appears that the redundant fluid 
in the plate AB or ab \Jill bear, the same proportion to that in FF 
though tliey communicate with FF by separate canals, and whether the 
canals by which they communicate with it are straight or crooked, or 
ill whatever direction FF is placed in respect of them, provided the 
situation oi A B and ab in respect of each other remains the same. Only 
it must be observed that if the fluid in the plates is not disposed so as 
to be in equilibrio, as will most likely be the case if it is disposed as in 
the two preceding corollaries, it is necessary that the canals should meet 
them in their centers, for if the fluid in a plate is not in equilibrio, its 
repulsion on a canal of infinite length will not be the same in whatever 
j)art the canal meets it, as it will if the fluid in the plate is in equi- 
Jibrio. 

145] Lemma XII. Fig. 2. Let BA be an infinitely slender 
cylindric column of uniform matter infinitely continued beyond A : the 


Fig. 2. 



repulsion of a particle of matter K on this column in the direction BA is 

pro])ortional to or may be represented by , supposing the size of the 

particle and [the] base of the column to be given. 

1 

For draw KC perpendicular to A B continued, and let the point B 
flow towards C, the fluxion of the repulsion of K on the column equals 

^ ~ fluent of which, is notliing when KB 

is infinite. 

146] Lemma XIII. Suppose now KC to represent an infinitely 
slender cylindric column of uniform matter : the repulsion of KC on the 
infinite column BA is to the repulsion of the same quantity of matter 

KC + KB 

collected in the point C on the same column as the nat. log. of — 
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For the repulsion of all the matter therein, when collected at C, 
KG 

on BA is ]>roportional to , and supposing the column OK to flow, 

CK' 

the ‘fluxion of its repulsion on BA is equal to -rrjy , the fluent of which 
KC + KB 

is the nat. log. of — , and is nothing wfien CK is nothing. 


1471 Lemma XIV. The repulsion of CK on a riarticlo at B^ in the 

CK 

direction CB, is proportional to supposing the base of CK 

and the size of the particle to be given. 


For su))T)Osing CK to flow, the fluxion of its repulsion on B in the 

CK CB CK 

direction CB is proportional to x , the fluent of which is 

and is nothing when CK is nothing. 


148] Lemma XV. Fig. 3. Lot CEFJIMN bo a cylinder whoso 
bases are GEF and JIMN and whose axis is CK, Let the convex 


Fig. 8. 



surface of this cylinder be uniformly coated with matter, and let GG be 
small in respect of CK, Lot GA be a diameter of the base t)i*oduccd, 
and D any point therein. The repulsion of the convex surface of the 
cylinder on the point D in the direction CD is very nearly the same as 
if all the matter therein was collected in the axis CK and spread uni- 
formly therein. 

For let MED and med be two planes infinitely near to each other, 
parallel to* CK and passing through Z>, and cutting the convex surface 
in ME and NF and in twc and nf^ which will consequently be right lines 
^qual to each other and perpendicular to ED : and draw CP perpen- 
:iicularto A/>. 


5—2 
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The repulsion of Nn fF on D in the direction CD is proportional to 
F/xFF PD r.- a- w Fe>^FM PD 

FDITND CD ’ “ proportional to -^2^27 ^ ^ ’ 

Ff Ke 

But Ff\^ to Ee as FD to EDy thci’eforc and are each equal 

Jo D jJjD 

to ^ TTK- > therefore the sum of the repulsions of MmeE 

FD + FD 2PD '■ 


and NttfF is proportional to 
iFf+Ee)CK>^PD (\ \\ (Ff+Ee)GK 

“ iPDY^GD Md)~ 


‘2GD 




But the repulsion of the same quantity of matter collected in CK is 

. , ^ {Ff^Ee)>^GK 2 t . 

proportional to ~2CZ> ^ KD^ **'^*^' as is small in respect 

11 2 * 
of CK. + ttv. differs very little from , therefore the sum of the 
' ND MD • KD 

repulsions of MmeE and NnfF is very nearly the same as if all the 
matter in them was collected in OK^ and consequently the repulsion of 
the wliole convex surface of the cylinder will be very nearly the saiP'i 
as if all the matter in it was collected in CK 

149] Cor. Therefore if BA represents an infinitely thin cylindric 
column of uniform matter infinitely extended beyond Ay the repulsion 
of the convex surface of the cylinder thereon in the direction BA is veiy 


* As neither IID nor N 1) differ from KJ) by so mucli as OT, it is plain that 
11 2 

+ xfv» cannot differ from in so great a proportion as that of BC to A'/), but 

MlJ OiJJ AU ^ 

in reality it does not differ from it in so great a ratio as tliat of CIP' to AZ)®, but 
as it is not material being so exact, I shall omit the deiuoustratioii. See A. 1. 


• [From MS. “ A. 1 ”] Demonstration of note at bottom of page 8, 
C7i?=r, BF^d, Pl)=a, CR^+CI>'i=e\ 

2 2 P 

e'^ ' c 

AD® = DA® + a® - 2ad + d® = c® - &® - 2fld + d® = c® -/® - 2fld 
=i7®-2ad, 

MD®=(7® + 2ad, 


MD 





d® 

“ c® * 


which is less than 

2 \d* 2 r®+d« 
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nearly the same as if all the matter therein was collected in CKy and 
therefore is to the repulsion of the same quantity of matter collected 

CK KB CK 

ill the point G thereon very nearly as nat. log. — — — to that 

2CK , CK 


is very nearly as nat. log. to . In like manner the repulsion on 

the infinite column DA is to the repulsion * 0 ! the same quantity of 

CK-\-KD CK 

matter collected in G very nearly as nat. log. - ^ to . 


150] Prop. XXXI. Fig. 3. Let the cylinder GEFKMN be 
connected to the globe IF, whose diameter is equal to GB and whose 
distance from it is infinite, by a canal TR of incompi’essible fluid of any 
simpe, and meeting the cylinder in any part, and let them be over- 
cliargecl : the quantity of redundant fluid in the cylinder will be to that 

in the globe in a less ratio than that of CK to nat. log. , and in 

CK CK 

a greater mtio than that of Jjjj > pi*ovided CB is small 

ill respect of CK. 


By Prop. XXIV. the quantity of redundant fluid in the cylinder 
will bear the same proportion to that in the globe in whatever part 
the canal meets the cylinder, therefore first I say the redundant fluid 
ill the cylinder will bear a greater proportion to that in the globe than 

that of to nat. log. 

For let the canal TR be stmight and pci 7 )endicular to BL^ and let 
it meet the cylinder in R, the middle })oint of the line BLy and let it, 
if produced, meet the axis in By which will consequently be the middle 
l)oiiit of CK] then, if the redundant fluid in the cylinder was spread 
uniformly on its convex surface, the quantity of redundant fluid therein 

CK CK 

would be to that in the globe very nearly as to nat. log. . 


For in that case the rej^ulsion of the cylinder on the canal RT would 
be to the repulsion of the same quantity of redundimt fluid collected 

. ^ , 2SK^ SK ^ , CK ^ CK , 

in C very nearly as nat. log. to or as nat. log. to 


the force with which the globe repels the canal in the direction TR 
is the same with which a quantity of redundant fluid equal to that in 
the globe jilaced at S would repel it in the contrary direction. 


But there can be no doubt but that almost all the redundant fluid 
in the cylinder will be collected on its surface, and also will be collected 
in greater quantity near the ends than near the middle, consequently 
the repuJsion of the cylinder on RT will be less than if the redundant 
fluid was spread uniformly on its convex surface, and therefore the 
quantity of i*edundant fluid in it will bear a greater pi'opoi’tion to that 
in the globe than it would on tliat supposition. 
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Secondly, the quantity of fluid in the cylinder will bear a less pro- 

CK 2GK 

portion to that in the globo than that of to nat. log. . 


For suppose the canal to meet the cylinder in B and to coincide 
with BA, llicn, if the redundant fluid was spread uniformly on the 
convex surface, the quantity therein would bo to that in the globe very 
CK K 

nearly as to nat. log. , and the real quantity of redundant fluid 

in it will bear a less proportion to that in the globe than if it was spread 
uniformly on the convex surface. 


151] Cor. Therefore the quantity of redundant fluid in the cy- 
linder is to that in a globe whose diameter equals CK in a ratio between 

2CK CK * 

that of 2 to nat. log. and that of 1 to nat. log. ^ , 


152] Prop. XXXIL Fig. 4. Let ADFB and mlfh be two equal 
cylinders whose axes are EC and ec, let them be parallel to each other 


Fig. 4. 



and placed so that Cc^ the line joining the ends of the axes, shall be perpen- 
dicular to the axes, and let the lines EG and Fb be bisected in G and g, 
and let them be connected by canals of incompressible fluid of any shape 
to a third cylinder of the same size and sJiape placed at an inflnite dis- 
tance from them, and let them be overcharged : the quantity of re- 
dundant fluid in each of them will bo to that in the third cylinder in 

a ratio between that of to + that of 

log to log + log — , provided the redundant fluid in the 
tliird cylinder is disposed in the same manner as in the other two. 


For let us suppose that ADFB and adfb are connected to the third 
cylinder by the canal OM, then, if the redundant fluid in each, cylinder 
is disposed uniformly on its convex surface, the sum of the rejiulsions 
of ADFB and atlfb on the canal gM will be to the repulsion of the third 

[* Note 12.] 
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cylinder thereon (supposing the quantity of redundant fluid in it to be 

, , . . 1 ir X XI. X 1 2Z76? , EG^Eg ^ 

equal to that in each of the two others) as log + — q ’ to 


log 


2EG 

an ' 


Let us now suppose the fluid in the first two cylinders to bo disposed 
so as to bo in equilibrio, and consecpiently to be disposed in greater 
quant ity near tlieir extremities than near their middles, and let the 
fluid in the tliird cylinder be disposed in the same manner, and be the 
same in quantity as before. The repulsion of ADFB on Gg will be 
diminished in a greater ratio, and consequently its repulsion on gM 
will be diminished in a less ratio than that of adfh on gM^ consequently 
the sum of the repulsions of A DFB and adfh on gM will be diminished 
in a less ratio than that of tlie third cylinder thereon, and therefore the 
sum of the repulsions of ADFR and adfh on gM will be to that of the 
third cylinder thereon in a greater ratio than that of 


, 2EG , EG^Eg ^ ^ 2EG 

log + 


Therefore the real quantity of redundant fluid in each of the first 
two cylinders will be to that in the third cylinder in a loss ratio than 

2EG^ . ^EG , EG^^Eg 

iliat of log to log ^ + log- 


cn 


Oy 


In like mannej*, by supposing them to bo connected to the third 
cylinder by the canal bDfil may be showui that the quantity of redundant 
fluid in either of the first two cylinders is to that in the third in a 

, 2EC ^ , 2,Ea , EC + Eb* 

greater ratio than that of log to log — + log • 


153] Prop. XXXIIT. If two bodies B and b are successively 
connected by canals of incom})rcssible fluid to a third body G placed 
iit ivn infinite ditStanco from them, and are overcharged, that is, if one 
of them, as B, is first connected to C and afterwards B is removed and 
b put in its room, the quantity of redundant fluid in 0 being the same 
in both cases, it is plain fhat the quantity of redundant fluid in B will 
bear the same proportion to tliat in b that it would if B and b were 
[daced at an infinite distance from each other, and connected by canals 
of incompressible fluid. 

151] Lemma XV. Fig. 5, Let AB be a thin flat plate of any 
shape whatsoever, of uniform tliickness and composed of unifoian matter. 
Let CG be an infinitely slender cylindric column of uniform matter 
ptM7)eiidicular to the plane of AB and meeting it in C ar)d extended 
infinitely beyond G, Let ah be a thin circular plate perpendicular 

cG whose center is G, Let the area of ab be equal to that of AB^ 
and let the quantity of matter in it bo the same, and lot it be disposed 
uniformly. 


[* Note 13.] 
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Fig. 6. 
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Let B be that point of the circumference of AB which is nearest 
to C. If EG is small in respect of CB^ the repulsion of the plate AB 
on the short column EG is to the repulsion of ah on the infinite 
column cG nearly as EG to ch. 

For let BD be a circle drawn through B with center (7, as EG 
is very small in respect of GBy the repulsion of the circle BD on EG 
is to its repulsion on GG very nearly as EG to GBy and therefore is to 
the repulsion of ah on cG very nearly as EG to ch. But the repulsion 
of AB on EG is very little greater than that of DBy for the repulsiop 
of DB is very near as great as it would be if its size was infinite. 


155] Lemma XVI. Let AGB and DEF be two thin plates, not 
flat but concave on one side, let their distance be everywhere the same, 



and let it be very small in respect of the radius of curvature of all parts 
of their surface. Let G be any point of the surface of A By and let GE 
be perpendicular to the surfaced that point. Let be a flat plate 
perpendicular to GE. 
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Let R be any point in AB and S the corresponding point in DF, and 
let T be the corresponding point in : the sum of the repulsions of 
K on the column GE in the direction CE and of aS on the same column 
in the opposite direction EG is very nearly equal to the force with 
which they would repel the same column in the direction GE if they 
were both transferred to T, provided GR^ is very small in respect of 
the square of the least radius of curvature of 4he surface of AB, 

Let RS be continued till it meets GE continued in F, draw EM and 
/ViV' perpendicular to GR, 

Let aM=G, RE--RM^E, SO-NG = S, and SE-EM=D, 

As GE is very small in respect of the least mdius of curvature of 
ABf ?jid GV v& not less than the least radius of curvature, GM and NR 
are ^ch very small in respect of GR^ and therefore GN^ MR, and ES 
cl^er from GR in a very small ratio. Moreover as GR^ is very small in 
^pect of G V^, GM^ and RN'^ are very small in resi)cct of GE^, and 
therefore ME and NS differ in a very small ratio from GE ; and, more- 

CF^ 

over, 2 x {TE - TG) is greater than . 


Now the repulsion of the point R on the column GE in the direc- 

1 1 + RE^-RG ,,, ,. 

tion CE IS ~ — jnh > and the repulsion of the point S on 

jftG liJb lx\j y, lx t!j 


the same column in tho opposite direction is the sum of 

the I'epulsions of R and S is 


RE-RC EO-EE E-G S+G-D 
RG X RE " SG X EE ~ RG ^ RE ' EG x EE 


E S D G 

~ RG^RE'^ SGy.SE SG xSE RG y RE'^ EG x EE’ 

and the repulsion of the two particles when transfciiM to T on tho 
c>»lumn GE, or the repulsion of as I shall call it for shortness, is 
TE- TG 
"TExfG' 

But as ME differs in a very small ratio from GE, and RM differs in 
a very small ratio from RG, RE - RM or E differs in a very small ratio 
fi om TE - TG, In like manner SG - NG or S differs in a veiy small 
i-atio from TE - TG, and ER and GS both differ in a very small ratio 
Irom TE, and SE differs in a small ratio from TG. 

E ^ TE — TG 

that is, from the repulsion of T. 


* If iliSf is drawn perpendicular to the surface of A ^ at tho point R cutting DF 
m fif, I call S the corresponding point of tho plate DF, and if OT is taken in the 
intersection of the plane liCE with that of the. plate Tt equal to the right line CR, 
I call T the corresponding point of Tt, 
t Lemma XII. [Art. 146]. 
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Moreover, as EM and EN differ very little from each other, D is very 
small in respect of TE- TC, and S E ^ small in respect of 
tho rejailsion of T, 

EG-SE, , GM+RN GE .RE-SG 

Moreover, — ^ — 

is hardly greater than and is therefore still less than I 

RG R E 

therefore and each differ from one in a less ratio than that of 

o lU oG 

GE to GV, and theraforo ditfei’s from ono in a loss ratio tlian 

oJi X oO 

that oi 2GE to GV. 

^ G G f-i IiGy.TlE\ 

Conseciuciitly, ^ ^ or ^ x ^1 ^ 

— G 2G E 

is less than ,,,, ,, ,, x -77 , "f, which is less than 

RG X RE C \ 


GE X RG 2GE 

. X 


2GE^ 


G y X RG X RE GV G x RE ’ 

2GE^ 

which is very small in respect of , that is, of the repul- 

jL E X ± 0 X RE 

sion of T, 

Therefore tlie sum of tho repulsions of R and S dilfers very little 
from the repulsion of T, 

N.B. Though the distance GR is ever so great, it may be shown 
that tho sum of tho repulsions of R and S cannot be more than double 
that of T ''G 


• 156] CoR. I. Let tho edges of tho jdates AGB and DEF coiTe- 
spond, that is, let them be such that if a line is erected on any part of 
the circumference of one plate perpendicular to tho [tangent] plane of 
the plate in that part, that line shall meet tho other plate in its circum- 
ference. Let the two i)lates bo of an uniform thickness, and let the 
thickness of DF bear such a proportion to that of A B that the quantity 
of matter shall be the same in both. Consequently tho quantity of 
matter in each part of T)F will be very nearly eqiial to that in the 
corresponding pai-t of AB, Also let the size of the plates be such that 
GE shall be very small in respect of the distance of Q from tho nearest 
part of the circumference of ABy and let tho least radius of curvature of 
the surface of AB be so great in respect of GE that a point R may be 
taken such that GR shall be small in i-cspect of that radius of curvature, 
and yet very gi^eat in I’cspect of GE, 

Let Pp be a flat circular plate whose center is 0 and whose* plane is 
perpendicular to GZy and let its area be equal to that of A By and let the 
jpiantity of matter in it be, also equal to that in ABy and let it be 

[» Note 14.] 
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disposed uniformly : tlio sum of the repulsions of AB and DF on GE in 
the opposite directions GE and EG will be to the repulsion of Pp on the 
infinite column GZ very nearly as 2GE to GP. 

For sui)posc each particle of matter in all that part of A B whoso 
distance fi*om G is not greater than GR and in the cfuresponding part 
of DF to be transferred to its corresponding point in Tt, so as to form a 
circular plate whose radius is GR. • 

If wo suppose that the thickness of the plates Tt and Pjy arc both 
c(puil to that of AB, the matter in all parts of Tt will be very nearly 
twice as dense as that in AB or as that in Pp, Therefore the repulsion 
of Tt on GE will bo very nearly twice the repulsion of Pp on Gg, sup- 
posing Gg to be equal to GE. 

But from the foregoing lemma it appears that the sum of the repul- 
sions which the above-mentioned part of A B and DF exerted on GE 
before the matter was transferred is very nearly equid to that which Tt 
cxcj ts thereon after the matter is transferred, and the sum of the repul- 
sions of the remaining part of AB and DF, or that whose distance from 
C is greater than GR, is very small in respect of that part whose dis- 
tance is less, therefore the sum of the repulsions of the whole plates AB 
and DF on GE is to the repulsion of Pp on GZ vory nearly as 2GE 
to GP. 


It may perhaps be supposed from this demonstration that it would 
be necessary that GE should be excessively small in respect of G V, in 
order that the sum of the repulsions of the plates on GE should be very 
nearly C(tual to the repulsion of Pp on Gg, but in reality this seems not 
to be the case, for if the plates are segments of concentric s])heres whoso 
center is V, the sum of their repulsions will exceed twice the repulsion 

GE 

of Pp on Gg in a not much greater ratio than that of 1 -f jjy to 1, and 


if the radius of curvature of their surfaces is in some places greater than 
G V, and nowhere less, I should think that the sum of their repulsion 
could hardly exceed twice the repulsion of Pp in so great a ratio 
as that. 


157] Con. II. If we qow suppose that the matter of the plate AB 
is dtiuser near the circumference than near the point G, and that the 
density at and near G is to the mean density (or the density which it 
would evtjrywhere be of if the matter was spread unifonnly) as S to one, 
and that the quantity of matter in each part of DF is equal to that in 
the corresponding part of AB as before, the sum of the repulsions of 
the plates on GE will be less than if the matter was spread uniformly 
in a ratio approaching much nearer to that of 8 to ono than to that 
of equality. 

For if any particlo of matter is removed from that part of AB 
which is, near G to that point which is at a distance from it, and an 
equal alteration is made in the plato DF, the sum of the repul- 
sions of these particles will be much less after their removal than 
before. 
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158] Lemma XVIF. Fig. 7. Let ACB be a thin plate, not flat 
but concave on one side, let the radius of curvature of its surface be 

Fig. 7. 



nowhere less than 6T, and let il/Tbe perpendicular to its surface at C ; 
lot MG be very small in respect of 6'F, and let Tt be a plane perpen- 
dicular to MG \ the difference of the repulsion of any particle of matter 
as H in the plate AGB on the point M in the direction GMy and of 
its repulsion on the point G in the same direction, is very nearly the 
same as if the particle was ti’ansferrcd to T (GT being equal to the 
light line GB\ provided GR is small in respect of GV. 


Draw UN perpendicular to MG^ the difference of the repulsions of 
R on tlie points M and G = , and the 

difference of the repulsions of the same particle placed at T on the same 
imints = but 

Ml^ = {MG + GNY + RN^ 

= M(? + GR* 4 2.1/C' ,x CM 
= MT*+%MG >iGM, 

GU^ 

and GN is not greater than therefore 2MG x GN is not greater 

MG X (77^* 

tlian — — , and therefore is very small in respect of GR^ or MT\ 

\j V 

Therefore MU* differs very little from MT*^ and from • 
This being premised there are two cases to be considered. 

•I 

First, if CU is considerably greater than Jf(7, as 
CR‘ = M^~MC*-2MC^ CN^MB? x fl - 
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Jiflfers not much from 




1 ( 3MC{MC + 2CN)-) 

^ X H ^ 

CAT ON- . CiV -3.¥C'(M7 + 2C'A0 

““‘I "6’^ ^ " '2^' ’ 

or from x ~ small in respect of 

nrovided Cli is small in respect of CV. 

MT"’ ^ 

Tor as is less than is less than 

3C/1‘ X MG ^Clt* ^tO 

4 J/f?“x (7r SWx ^r’ ‘ GV iGV‘ 

Therefore as m i-espect of ^^p ,and as 

MG ,. , 1 MO MG GN CM 

differs very little from + l<]^> the dif- 

firence of the repulsions of Ji on tlie points Al and G differs very little 

ifp 

from ^y^ra > difference of the repulsions of T on tlie same points. 

Secondly, if GR is not considerably greater than AIG^ GN must be 
very small in respect of GRy and consecpiently must be very small in 

respect of MG. Therefore is very small in respect of 

;. , and therefore tlie difference of the repulsions of R on G and At 
Aliv 

MG 

dtffers very little from ^^^, 3 . 


159] Cor. Therefore by the same method of reasoning as was used in 
Cor. to Lemma XVI., the difference of the repulsions of the whole plate 
ACB on the points At and G is very nearly the same as if each particle 
of matter in it was transferred to the plane Tt and placed at the same 
distance from G as befoije, and therefore its repulsion on At is very 
nearly equal to its repulsion on (7, provided AtG is very small in respect 
of the least distance of the circumference of the plate from (7, and that 
the thickness of the plate is everywhere very nearly the same, except at 
such a distance from G as is very great in respect of AtG, 

160] Prop. XXXIV. Fig. 8 . Lot NnvVhQ a plate of glass or 
any other substance which does not conduct electricity, of uniform 
thickness, either flat, or concave on one side and convex on the other, 
and let the electric fluid be unable to penetrate at all into the glass 
or to move within it. 

Let* .4 ( 7.5 and DEF be thin coatings of metal, or any substance 
which conducts electricity, applied to the glass. 

* This proposition is nearly the same as Prop. XXIl. , only made more general. 




n 

Let these coatings bo of any shape whatsoever, and let their edges 
correspond as in Lemma XVI. Cor. I. 

Let AB communicate with the body //, and DF with the body Z, by 
the straight canals CG and EM of incompressible Iluid. 

Lot the points G and E be so placed that the two canals shall form 
one right line perpendicular to AB at the point (7, and let the lengths 
of these canals be so great that the repulsion of the coatings on the 
fluid in them shall be not sensibly less than if they were infinite, and 
let U be overcharged and let L be saturated. 

It is plain from Prop. XIL that DF will be undercharged, and that 
AB will be more overcharged than it would otherwise be. 

Let Wv) be a thin flat circular plate whose center is C, perpendicular 
to GE, and whoso ai'ea is equal to that of AB^ let the force with which 
the redundant fluid m AB would repel the short column CE (if AfE 
: was continued to C) be called and let the force with which it would 
^'#epel CM^ or with which it repels CG (for they are both alike), be called 
M, Let the force with which the same quantity of redundant fluid 
disposed in DF^ in the same manner in which the deficient fluid therein 


is actually disposed, would repel be called ^ , let the force with 

which the same quantity of redundant fluid uniformly disposed on Ww 
would repel Ct/ be called TF, and let the foi’c« with which II repels CG 
be the same with which a quantity of fluid, which we will call By 
uniformly distiibuted on Ww would repel it in the contrary direction ; 

then will the quantity of redundant fluid in AB be ^ x — — , 

Mg + Um - mg 

which, if M and G are very nearly alike, «uid m and g are veiy omfll] ia 

BW 

respect of 6, difiera very little from , and the deficient fluid in 

p + m 

will be to the redundant fluid in AB as M-m to G, and therefore 
on the same supiiosition will be very nearly equal to it. 

For the force with which AB repels the fluid in EM must be equal 
to that with which BE attracts it, for otherwise some fluid would run 
out of DF into £, or out of D into DF, For the same reason the excess 
of the repulsion of AB on CG above the attraction of DF thereon 
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njust bo equal to the force with which a quantity of redundant fluid 
equal to B spread uniformly on Ww would repel it. 

By the supposition the force with which AB repels the canal EM is 
aud the force with which the same quantity of redundant fluid, 
spread on DF in the same manner in which the deficient fluid therein 
is actually disposed, repels it is 6r, therefore if the redundant fluid in 

• M-m 

A Bis called A, the deficient fluid in BF will be -4 x therefore 

Cf 

the force with which BF attracts CG is (G-ff) — — and the excess 

Cr 

of the force with which AB repels CG above that with which BF 
attracts it is 

(G - ff) (M — m) J/gf + Gm ~ mg 

M ^ , 

which must be equal to the force with which a quantity of fluid equal 
to B spread uniformly over Ww would repel it, that is, it must be equal 

.^B ^ i , BGW 

to W -T I therefore A equals tv • 

A ^ Mg + Gm - mg 


161] Con. I. If the plate of glass is flat, and its thickness is very 
small in respect of the least distance of the point G from the circumfer- 
ence of ABf and the fluid in AB and Bi' is sjircad uniformly, the 

B X CW 

quantity of redundant fluid in BF will differ very little from > 


and the deficient fluid in BF will be very nearly equal to the redun- 
dant fluid in AB, 


For as the plate of glass is flat, the two coatings will bo equal to 
each other, and tlierefore M and G are equal to each other, and so are 

_ , q CE ^ , . * 

7/1 and g, and differs very little from , and moreover g is very^ 

W C rr 

small in respect of G, 


162] Cor. II. If the plate is flat and the two coatings are circular, 
their centers being in C and E, the quantity of redundant fluid in AB 

B X GW G W 

will be more accurately equal to x 777 , 7 - “TV/t > ^ being in this 

ZGlit C rV ^ \J Tj 

case equal to the semi-diameter of the coatings, and the deficient fluid in 
BFvfiW be to the redundant in AB nearly as GW— GE to GW, 

For in this case ^ is accurately equal to 

CE+GW-jGE^W^ 

GW 

and therefore 

2m m" 2GEJgW^TcW - 2GE^ 

W ' 6'ir 

* Lemma XV. [Art. 118]. . 
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which, if CE is small in respect of CW, differs very little from 

2CE(CW-CE) 

c\r 


163] Cor. III. If the plate of glass is not flat, and its thick- 
ness is very small in respect of the radius of curvature of its surface 
at and netu* C. every tiling else being as in Cor. I., the quantity of 

jB y.CW 

redundant fluid in AB will still be very nearly equal to 2 ^]^ • 


For as GE is very small in respect of the radius of curvature, the 
two coatings will be very nearly of the same size, and therefore G 
differs very little from J/, and iti + ^ is to W veiy nearly as CE to 
and moreover m and g are both very small in respect of M and G'Y, 


164] Cor. IV. If we now suppose that the density of the re- 
dundant fluid in is greater at its circumference than it is near the 
point (7, and that its dcni^ity at and near G is less than the mean density, 
or the density which it would everywhere be of if it was spread unifonnly, 
in the ratio of S to one, and that the deficient fluid in JJF is spread 
nearly in the same manner as the redundant in AB^ the quantity of 
redundant fluid in AB will be greater than before in a ratio approaching 
much nearer that of one to 8 than to that of equality, and that whether 
the glass is flat or otherwise. 

For by Lemma [XVT. Cor. II.], m and ^ will each be less than be- 
fore in the above-mentioned ratio. 


165] CoR. V. Whether the plate of glass is flat or concave, or 
whatever shape the coatings are of, or w’ \tever shape the canals CG 
and EM are of, or in whatever part they tneet the coatings, provided 
the Sickness of the plate is very small in resf)ect of the smallest dia- 
meteV of the coatings, and is also sufficiently small in respect of the 
radius of curvature of its surface in case it is concave, the quantity 

B X GW 

of redundant fluid in A B will difier very little from • * 


For suppose that the canal GG meets the coating in the middle 
of its shortest diameter, and that the point^ in which ME meets DF is 
opposite to Z, as in Prop. [XXII. Art. 74], the thickness of the glass 
will then be very small in respect of the distance of the point G from 
the nearest part of the circumference of AB^ and moreover, by just the 
same reasoning as was used in the Keinarks to Prop. XXII., it may be 
shown that 8 will in all probability differ very little from one, and con- 
sequently by Cors. I. and III. the redundant fluid in AB will be as 
above assigned. But by Prop. XXIV. the quantity of fluid in the coat- 
ing will be just the same in whatever part the canals meet them, or 
whatever shape the canals are of. 


* Lemma XVI. Cor. 

t Afl the demonstration of the sixteenth Lemma and its corollary is rather in- 
tricate, I chose to consider the case of the flat plate of glass separately in Cor; I. , 
and to demonstrate it by means of Lemma XV. 
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166] CcAi. VI. On the same supposition, if the body is a globe 
whose diameter equals Wwy id eat the diameter of a circle whose area 
equals that of the coating AB^ the redundant fluid in AB will be to that 
in H very nearly as GW to 4tCE, 

For the quantity of redundant fluid in II will be 2B. 

167] CoR. VII. On the same supposition the redundant fluid in 
AB will be very nearly the same whether th^ glass is flat or otherwise, 
or whatever shape the coatings are of. 

168] Cor. YIII. On the same supposition, if the size and shape of 
the coatings and also the thickness of the glass is varied, the size and 
quantity of redundant fluid in H remaining the same, the quantity of 
redundant fluid in AB will be very nearly directly as its surface, and 
inversely as the thickness of the glass. 

169] Prop. XXXV. (Fig. 9). Let Pp^ £r, Sa, Tt represent any 
number of surfaces whose distance from and consequently from 


<D 


each other, is the same in all parts, and let eveiything be as in the 
preceding proposition, except that the fluid in the spaces PprRj SatT, 
&c., that is, in the spaces comprehended between the surfaces Pp and 
and between Ss and Tt^ <fec. is moveable*, in such manner, how- 
ever, that though the fluid in any of these spaces as PprR is able to 
move freely from Pp to Rr or from Rr to Pp^ in a direction perpen- 
dicular to the suiface Pp or Rr^ yet it is not able to move sideways, or 
in a direction parallel to those surfaces +, and let the fluid in the remain- 
ing spaces NnpP, RrsSy Ttv V, &c. be immoveable : the quantity of re- 
dundant fluid in AB and the deficient fluid in I?P will be very nearly 
the same that they would be if the whole fluid within the glass was 
immoveable, and its thickness was only equal to NP + RB + TV, &c., that 
is, to the sum of the thicknesses of those spaces in which the fluid is 
immoveable, provided that JVF, the thickness of the glass, is very small 

* To avoid confusion I have drawn in the figure only two spaces in which the 
fluid is supposed to be moveable, but the case would be iust the same if there were 
ever so many, 
t [Note 15.] 

M. 


Fig. 9. 
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in respect of the smallest diameter of AB^ and also in fesp^ot 6f l^e 
radius of curvature of the surface of the glass. 

Let the canals GO and EM be perpendicular to the plate of glass 
and opposite to each otheu', so as to form one right line, and let them 
meet AB and DF in the middle of their shortest diameters. The 
coating AB will be very much overcharged, and DF almost as much 
undercharged, in consequence of which some fluid will be driven from 
the surface Pp to AV and from Ss to Tt. Moreover the quantity of 
fluid driven from any portion of the surface Pp near the line GE will 
be very nearly equal to tlie quantity of redundant fluid lodged in the 
corresponding part of A A, or more properly will be very nearly equal to 
a mean between that and the quantity of deficient fluid in the cor- 
responding part of DF, 

For a particle of fluid placed anywhere in the space PprE near the 
line GE is impelled from Pp to lir by the repulsion of AB and the 
attraction of DF^ and it. is not sensibly impelled either way by the 
spaces SstTf <fec., as the attniction of tlie redundant matter in Ss is 
very nearly equal to the repulsion of the redundant fluid in Tt ; and 
moreover the repulsion of AB on the particle and the attraction oi DT 
are very nearly as great as if their distance from it was no greater than 
that of Pp and AV, and thei’efore the particle could not be in equilibrio 
unless the quantity of fluid driven from Pp to Hr was such as we have 
a ;signed. 

As to the quantity of fluid driven from Pp to Rr at a great distance 
from (7 A’, it is hardly worth considering. It is plain, too, that the 
quantity of fluid driven from Ss to Tt will be very nearly the same as 
that driven from Pp to AV. 

Let now G^ g, M, m and W signify the same things as in the pre- 
ceding proposition, and let the quantity of redundant fluid in AB be 
called A as before, and let NP + RS+ 7T-i'«fec., id the sura of the 
thicknesses of those spaces in which the fluid is immoveable, be to AF, 
or the whole thickness of the glass as S to 1, and let PR + ST ka., or 
the sum of the thicknesses of those spaces in which the fluid is moveable 
be to NV as to one. 

Take EH equal to PR^ the repulsion ,pf the space PprR on tlie 
inflnite column EM is equal to the repulsion of the redundant fluid in 
Rr on An, and therefore is to the repulsion of AB on GE very nearly 
as EH or PR to GE, Therefore the repulsion of all the spaces PprR<, 
SstTy <kc. on EM is to the repulsion of AB on GE very nearly as A to 
one, or is equal to 7nD, and therefore the sura of the repulsions of AB 
and those spaces together on EM is very nearly equal to M-m + mD 
or to M-mS. 

But the attraction of DF on EM must be equal to the above- 
mentioned sum of the re])ulsions, and therefore the deficient fluid in DF 

must be very nearly equal to . 

By the same way of reasofting it appears that the force with which 
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GQ ia repelled I7 AB, DF, and the spaces PprB and SstT, dec. together 
is very nearly equal to 

or to ~- + mS 




which, as M differs very little from Gy and 


mgS 

O' 


is very small in respect 


of mS or gSy is very nearly equal to + mS - gT> or to {g + m) S, there- 
fore the quantity of redundant fluid in AB will bo very nearly equal to 


'RW 

^UL and will therefore be greater than if the fluid within the glass 

(y + m) aS^ 

was immoveable very nearly in the ratio of one to S, or will be very 
nearly the same as if the thickness of the glass was equal to CEx.8y and 
the fluid within it was immoveable. 


170] Pbop. XXXVI. Fig. 10. Let every thing bo as in the pre- 
ceding proposition, except that the electric fluid is able to penetrate into 
the glass on the side Nn as far as to the surface Kky and on the side Vv 


Fig. 10. 



as far as to Yy ; in such manner, however, that though the fluid can 
move freely from to aP or from ap to A By and also from DF to 80 
or from 80 to DFy in a direction perpendicular to those surfaces, yet it 
IS unable to move sideways, or in a direction parallel to those surfaces : 
the quantity of redundant fluid on one side of the glass, and of de- 
^ient fluid on the other, will be very nearly the same as if the spaces 
FnJcK VvyY were taken away and the coatings AB and DF were 
applied to the surfaces Kk and Yy. 

For by [Art. 132] of former Part, almost all the redundant and de- 
ficient fluid will be lodged on the surfaces aP and 80, and the coatings 
AB and DF will be not much over or undercharged. Now if the whole 

6—2 
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of the redundant and deficient fluid was lodged in ajS and 8^, it is evi- 
dent that the quantity of redundant and deficient fluid would be exactly 
the same as if the spaces NnJcK and VvyY were taken away, and there- 
fore it will in reality be very nearly the same, 

171] Cor. I. Therefore the quantity of redundant fluid on the 
positive side of the glasSr, that is, in the coating AB^ and the space 
AaPB together, as well as the quantity of deficient fluid on the 
negative side of the glass, will be very nearly the same that they would 
be if the fluid was unable to penetrate into the glass or move within it, 
and that the .thickness of the glass was equal only to the sum of the 
thicknesses of those spaces in which the fluid is immoveable. 

172] Cor. II. Whether the electric fluid penetrates into the glass 
or not, it is evident that the quantity of redundant fluid on one side 
the glass, and of deficient fluid on the other, will be very nearly the 
same, whether the coatings are thick or thin. 

173] Prop. XXXVII. It was shewn in the remarks on Prop. 
XXII. in the first Part, that when the plate of glass is flat, and the fluid 
within it is immoveable, the attraction of the deficient fluid in BF 
makes the redundant fluid in to be disposed more uniformly than it 
would otherwise be. Now if we suppose the fluid within the glass to 
be moveable as in the preceding proposition, and that the deficient fluid 
in the planes Pp, Ss, <kc. and the redundant fluid in the planes Br, 
Tty <kc. is equal to, and disposed similarly to that in BF, the redundant 
fluid m AB will be disposed more uniformly than it would bo if the 
fluid within the glass was immoveable, and its thickness no greater than 
the sum of the thicknesses of those spaces in which the fluid is im- 
moveable. 

For let the intermediate spaces be moved so that Tt shall coincide 
with Vv and Rr with Ss, &c., but let the distance between Tt and 
and between Rr and Ppy <kc. remain the same as before, that is, let the 
thickness of the spaces in which the fluid is moveable remain unaltered. 
The distance of Pp from Nn will now be equal to the sum of the 
thicknesses of the spaces TtVv, RrSsy NnPp, &c, in which the fluid is 
immoveable. «• 

Now, after this removal, the effect of the planes Tt and BF and of 
Rr and Ssy &c, will destroy each other, so that the intermediate spaces 
and BF together will have just the same effect in rendering the r^un- 
dant flujd m AB more uniform than the plane Pp alone will have, that 
is, the fluid in AB will be disposed in just the same manner as if the 
thickness of the glass was no greater than the sum of the thicknesses of 
the spaces in which the fluid is immoveable, and the whole fluid within 
the glass was immoveabla 

But the effect of the intermediate spaces in making the fluid in AB 
more uniform was greater before their removal than after, for the effect 
of the two planes Pp and together, and also that of Ss and Tt toge- 
ther, &c. is the greater the nearer they ai^ to AB, 
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174] Cob. The rediindant and deficient fluid in the intermediate 
spaces will in reality be not exactly equal and similarly disposed to that 
in DF, and in all probability the quantity of deficient fluid disposed 
near the extremity of DF will be greater than that in the corresponding 
parts of Pp, Ss, &c., or than the redundant fluid in the corresponding 
parts of Er, Tt, <fec., so that the redundant fluid in A B will perhaps be 
disposed rather less uniformly than it wouVl be if the deficient and 
redundant fluid in those spaces was equal to and similarly disposed to 
that in BF; but on the whole there seems no reason to think that 
it will be much less, if at all less, uniformly disposed than it would be if 
the thickness of the glass was equal to the sum of the thicknesses of the 
spaces in which the fluid is immoveable, and the whole fluid within the 
glass was immoveable. 


APPENDIX. 


175] As the following propositions are in^t so noco‘<sary towards 
uiulcrstiinding the experiment as the former, I chose to place them Jiero 
by way of appendix. 

Prop. I. Let everything be as in Prop. XXXIV., except that the 
bodies II and L are not required to bo at an infinite distance from the 
plates of glass ; let now an overcharged bcxly N be placed near the glass 
in such manner that the force with which it re})el8 the column GG 
towards G shall bo to that with which it repels the column FM towards 
M as the force with which the deficient fluid in JJF attracts the column 
OG is to that with which it attracts EM : it will make no alteration in 
the quantity of redundant fluid in AB, provided the repulsion of N 
makes no alteration in the manner in which the fluid is disposed in each 
plate. 

For increase the deficience of fluid in DF so much as that that 
coating and N together shall exert the same attraction on EM as DF 
alone did before, they wDl also exert the same attraction on CG as DF 
alone did before, and consequently the fluid in the two canals will be in 
eqiiilibrio, 

176] CoR. In like manner, if the forces with which the body V 
repels the columns 0& and EM bear the same proi)ortion to each 
other as those with which the plate AB repels those columns, and there- 
fore bear very nearly the same proportion to each other as those with 
which EM repels tliose columns, the quantity of deficient fluid in DF 
will be just the same as before N was brought near, and the redundant 
fluid in A B will be diminished by a quantity whose repulsion on (76r ia 
the same as that of N thereon. 
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.:^ierefore, if the repulsion of AT on CG is not greater fhan that of II 
thereon, the diminution of the quantity of redundant fluid in will 
bear but a very small proportion to the whole. For the quantity of 
redundant fluid in is many times greater than that which would be 
contained in it if DF was away, id est^ than that whose repulsion on 
is equal to the repulsion of H thereon in the contrary direction. 

177] Pnop. II. From the preceding proposition and corollary we 
may conclude that if the force with which N repels the columns CG and 
FM bears very nearly the same proportion to each other as the force 
with which DF attracts those eolumns, the quantity of redundant fluid 
\iL AB will be altered by a quantity Which will bear but a very small 
proportion to the whole, uiiless the repulsion oi N on CG much 
greater than that of U thereon. 

If the reader wishes to see a stricter demonstration of this proposi- 
tion, as well as to see it applied to the case in which the fluid is sup- 
posed moveable in the intermediate spaces, as in Prop. XXXV., he may 
read the following : 

Fig. 10. 


JV 



178] Part 1. Take Fe — \ thickness of those spaces in which the 
fluid is moveable, draw d^f equal and similar to DEF, and let the 
deficient fluid therein be equal to that in DF\ the repulsion of the 
intermediate spaces on EM is to the difference of the attractions of DF 
on cJf and c/a (supposing E^ and Jf/i to be equal to CE) very nearly 
as twice Ee to CE, and is therefore very- nearly equal to twice the 
difference of the attraction of df and DF on EM. 

In like manner the attraction of the intermediate spaces on CG 
is very nearly equal to twice the difference of the attraction of DF 
and thereon. 

Suppose now the quantity of deficient fluid in DF to be increased in 
the ratio of 1 +y*to 1, the redundant fluid in AB remaining the same as 
before, a new attraction is produced on EMy very nearly equal to 

/x ^attraction of DF on EM) - ^ x 2 (diff. attr. of df and DF on HM), 

that is, very nearly equal to/« (attraction of df on EM). 
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In like manner a new attraction ia produced on CG, very nearly 
equal to f x (attraction of d/ on CG), therefore, the new attraction 
produced on A’AT is to that produced on OG very nearly as the attrac- 
tion of <^011 BJfh to its attraction on CG, and therefore in order that 
the quantity of redundant fluid in AJi shall not be altered by the ap- 
proach of lY, the repulsion of JV on JHAf must be to its repulsion on CG 
very nearly as the attraction of d/ on EM to iUbs attraction on GG^ 


179] Part 2. Let the fluid within the glass bo either moveable, 
as in Prop. [XXXV. Art. 169], or let it be immoveable, and let the 
distance of II and L from the glass be either great or not. 

{ GG ( IT 

^,^^in direction GG be and let the 

sum of these repulsions = /S’. 

T X XI 1 • c nr ( direction GG - A 

Ut the nputaea ot if on k, the re- 

pulsion which V should exert on in order that the redundant fluid 
in AB should remain unaltered be to that which it should exei-t on 
EM 1 : P. 


The quantity of redundant fluid in AB will be increased in the 
ratio of 1 + — to 1, which, if P differs very little from 1, 
differs very little from that of 


1 X 

1 H j|-y to 


( A 

may be divided into two parts, namely 


PA —B pd + B 

P+jt? ^ P+p 

- -^pB PpA + PB j 

. F+7~ - F+^ 


but the latter part of these two rei)ulsions, or the force 


f pA + B 
'T+J 
PpA + PB 


has no tendency to alter the redundant fluid in AB^ but the first part, 
or the force 


P A--B 

^+P . (CG in direction CG 

- PpA +pP \EM in direction EM' 

P+p 
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PA +B 
p+p 


( CO in direction GO 


^ - PpA + pB \eM in direction EM 

P-hp 

XI. X ,• i.rr --PA+B. „ 

as they are to the repulsion of H on ^ ^ 

or as (- PA + B) to /S, 

increases the redundant fluid in the ratio of 

B-PA \+p - 

1 + — 5 — ^ to 1. 

S P+jp 


180] Cor. L. If the lengths of the columns GO and EM are such 
that the repulsion and attraction of AB and DF on them are not 
sensibly less than if they were of an inOnite length, the attraction of 
DF on CG will be very nearly equal to its attraction on EM^ and 
therefore, if the forces with which N repels the columns GG and EM are 
very nearly equal to each other, the quantity of redundant fluid in AB 
will be very little altered thereby, 

N.B. If the size of H is much greater than that of AB, it is 
possible that its distance from the glass may be such as to exert a 
very considerable repulsion on EM, and yet that the action of AB and 
DF ovL CG shall be not sensibly less than if it was of an [infinite 
length], 

181] Cor. IL Let the bodies H and L be of the same size and 
shape and at an infinite distance from the glass, and let the fluid be 
in equilibrio. Let now an equal quantity of fluid be taken from H 
and L, the quantity of redundant fluid in AP will be very little altered 
the^^eby. 

For the repulsion of the whole quantity of fluid in L on the canal 
EM will be as much diminished as that of H on GG, so that it comes to 
the same thing as placing an overcharged body N in such manner that 
its repulsion on GG shall be equal to that on EM, which by the pre- 
ceding proposition will make very little altWation in the quantity of 
redund^mt fluid in AB. 


182] Cor. III. Let the bodies H and L be at an infinite distance, 
and either of the same or diflerent size, and let the fluid be in equi- 
libria Let now the body H be brought so near to AB that its repul- 
sion on GO shall be sensibly less than before. The quantity of re- 
dundant fluid in AB will be very little altered thereby, provided 
the repulsion of the two plates on the column CO is not sensibly 
diminished. 

For whereas when M was at an infinite distance from AB it .exerted 
no repulsion on EM, now it is brought nearer it does exert some, and its 
repulsion on EM is very nearly, equal to the diminution of its repulsion 
on CG, so that it comes to the same thing as placing a body N in such 
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manner as to repel EM with very nearly the same force that it does CQ 
in the contrary direction. 

183] Cor. IV. Let the body II be brought near AB as in the 
preceding corollary, and let the fluid be in equflibrio ; let now an over- 
charged body R be placed near //, the quantity of redundant fluid in 
H must be so much diminished, in order t^at the fluid may remain 
in equilibrio, supposing the fluid in AB to remain unaltered, as that 
the diminution of its repulsion on the two columns GG and EM shall 
be equal to the repulsion of R on the same columns. Consequently, if 
the repulsion of R on them is to the repulsion which H exerted on 
them before the approach of R as n to 1, the quantity of redundant 
fluid in II will be diminished in the ratio of 1 - to 1. 

For supposing the quantity of fluid in 11 to be thus diminished, 
I say, the quantity of fluid in A will remain very nearly the same as 
before. For the repulsion of II and R on the two columns will be the 
same as that of II was before, but it is possible that their repulsion on 
GC may be a little less, and their repulsion on EM as much greater than 
that of H was before, but this, by the preceding corollaries, will make 
very little alteration in the quantity of fluid in AB. 

184] Cor. V. It appears from Prop. XXIII. that the repulsion of 
the body R on the two columns GO and EM will be the same in what- 
ever direction it is placed in respect of H and the canal, provided its 
distance from the point G is given, and consequently the diminution of 
the quantity of fluid in the body H will be very nearly the same in 
whatever direction R is situated, provided its distance from G is 
given. 

1 85] Cor. VI. Fig. 1 1 . Suppose now that instead of the body II there 
is placed a plate of glass Kkil^ coated as in Props. XXXIV. and XXXV., 

Fig. 11. 



with the plates Tt and Ss, whereof Tt communicates with ABhj the 
canal GG^ and the other Ss communicates by the canal gP with the 
body P, placed at an infinite distance and saturated with electricity, and 
let AB and consequently Ti be overcharged, and let the fluid be in equi- 
librio. 

^'ippose now that an overcharged body R is brought near the glass 
KldT^ I say that the proportion which the redundant fluid in Tt bears 
to that in AB will be very little altered thereby, supposing the length 
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of the canal CG to be such that the repulsion of the coatings iljS and 
DF thereon shall be not sensibly less than if it was infinite, and that 
the thickness of the glass Gg is very small in i*espect of the distance of 
R from it, and that the repulsion of R does not sensibly alter the dispo- 
sition of the fluid in Tt and Ss, and also that the repulsion of R on GG 
and EM together is not much less than if GM was infinite, and also not 
much greater than the repulsion of the glass NnvY on CO. 

For let the quantity of fluid in Tt and Sa be so much altered that the 
united repulsion of R and those two coatings on the two canals GO and 
EM together, and also their repulsion on gF^ shall be the same as that of 
the two coatings alone before the approach of R, 

By Prop. II. Cor. i. the quantity of fluid in Tt will be very little 
altered thereby, for the repulsion of R on the canal gP is very nearly 
the same as its repulsion on gG and EM together. . 

As the repulsion of Tt^ Ss and R together on the two canals GG and 
EM together is the same as before the approach of i?, it follows that if 
their repulsion on gG is less than before, their repulsion on EM will be 
as much increased. 

Let now the quantity of fluid in AB and DF be so much altered 
that their repulsion on gG shall be as much diminished as that of 
Kkil and R on the same column is diminished, and that their repul- 
sion on EM shall be as much diminished as that of Kkil and R on the 
same is increased, it is plain that the fluid in all three canals will be 
exactly in equilibrio, and by the preceding corollary the quantity of 
fluid in AB will be very little altered, and therefore the proportion 
of the redundant fluid m AB and Tt to each other will be very little 
altered*. 

^ 186] CoR. VII. By Prop. [XXIY. Art. 86] all which is said in 
this proposition and corollaries holds good equally whether the canals 
GGj EM and GF arc straight or crooked. 

Lemma. 



187] Let DE be an uniform canal of incompressible fluid inflnitely 
continued towards E, and let A and B be given points in a right line 
with and let ABhe bisected in (7, the force with which any particle 
of fluid repels this canal (supposing the repulsion to be inversely as the 
square of the distance) is inversely as its distance from the point -D, and 
therefore the sum of the forces with which two equal particles of fluid 
placed in A and B repels this canal is to the sum of the forces with 
which they would repel it if both collected in the point Cj 

* [Note 16.] 
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AD^ BD ' CD* 


or as CD* : CD* -Cl?, 


or as 1 : 


( 7 ^ 


188J Let us now examine how far the proportion of the quantity 
of fluid hi the large circle and the two small ones in Experiment v., 
[Art. 273] Fig. 18, bear to each other will be affected by the circum- 
stances mentioned in [Art. 276], supposing the plates to be connected 
by canals of incompressible fluid. 


First it appears from Cor. [VII. Art. 186], that the quantity of re- 
dundant fluid in the largo circle, and also in the two small ones, will bear 
very nearly the same proportion to that in the jar A as it would if it had 
been placed at an infinite distance from A, for the distance of the plate 
from the jar was in neither experiment less than 63 inches, and neither 
the length nor the diameter of the coated part of the jar exceeded four 
inches, so that the repulsion of the jar on the canal connecting it to the 
plate could not differ by more than part from what it would be if the 
canal was infinitely continued, and would most probably differ from it 
by not more than or -J part of that quantity*; for the same reason the 
deficience of fluid in the trial plate will bear very nearly the same pro- 
portion to that in the jar, i&c. as it would if it had been placed at an 
infinite distance from it. 


Fig. 18. 



The repulsion of a globe 4 inches diameter on a straight uniform canal of 
inoomprMsible fluid extending 63 inches from it differs by only part from what 
15 would be if the canal was infinitely continued, but the repulsion of a Leyden 
column differs probably not more than J or 4 of that 
quantity from what it would be if infinitely continued. 
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It is plain that if the plates had been placed at such a distance 
from the jar that the quantity of fluid in them had been considerably 
less than if they had been placed at an infinite distance, still the quantity 
in the large circle would bear very nearly the same proportion to that 
in the two small ones as it would if they had been placed at an in- 
finite distance. 

189] Secondly, it is plain that in trying the large circle, the repulsion of 
that circle increases the deficience of fluid in the trial plate, and the attrac- 
tion of the trial plate increases the redundance in the circle. Now the 
repulsion of the plate on the canal mMNa^ and the attraction of the 
trial plate T on tESA (supposing mMNa and tRSA to be infinitely 
continued beyond a and A) are by [Cor. IV. Art. 183] veiy nearly the 
same as if the redundant fluid in Ee and the deficient fluid in T were 
both collected in the centers of their respective plates, and the quantity of 
redundant fluid in Et may be considered as equal to the deficient in T, 
and consequently the repulsion of Ee on mMNa is very nearly equal to 
the attraction of T on rRSA» Moreover, the repulsion of Ee on its own 
canal rRSA must bo equal to the attmction of T on mMNa, as the jars 
with which they communicate are both equally electrified, and therefore, 
by Cor. [IV.], the quantity of i-edundant fluid in Ee will be increased 
in very nearly the same ratio as the deficient in T. 

190] In like manner, in trying the two small circles, the quantity 
of redundant fluid in them is increased in very nearly the same ratio as 
the deficient in 1\ for as half the distance of the two circles never bore 
a greater proportion to tm than that of 18 to 72, the repulsion of the 
two circles on the canal mMNa will be very nearly the same, and the 
deficience of fluid in T will be increased in very nearly the same ratio 
as if all the redundant fluid in them were collected in e, the middle point 
between them. 

The quantity of redundant fluid in Rh indeed will be increased in a 
rather greater ratio, and that in Cc in a rather less ratio than if it was 
placed at c, but the ratio in which the quantity of fluid in Bb is in- 
creased must very nearly as much exceed that in which it would be 
increased if it was placed at c as that in which Cc is increased falls 
short of it, as the attraction of T on the canal fRSA exceeds that on 
rRSA by nearly the same quantity as its attt'action gRSA falls short of 
it, and therefore the quantity of redundant fluid in both circles together 
m increased in very nearly the same proportion as that in a circle placed 
in € would be, and consequently the redundance in the two circles 
is increased in very nearly the same ratio as the deficience in the trial 
plate*. 


* Memorandum relating to the second article. 

191] The attraction of the trial plate on the canals and gBSA and the 
repulsion of the circles Bh and Cc on the canal mMNa is very nearly the same as 
if the deficient or redundant fluid in the plates was collected in the centre of their 
respective plates, and therefore the repulsion of the circles Bb and Cc oih the canal 
mMNn is inversely as the distances of their centres from m, and the increase of the 
quantity of redundant fluid in the circles Bb and Cc by the attraction of T is in 
the same proportion. 
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192] OonS^uently, in trying either the large circle or the two 

small ones, the trial plate must be opened to very nearly the same 
sur^ice to contain the same charge as them as it must be if they were 
placed at an infinite distance from the trial plate, and consequently no 
sensible alteration can be produced in the phenomena of the experi- 
ment by the repulsion and attraction of the circles and trial plate on 
each other. , 

193] Thirdly, for the same reason it appears that as the circles and 
the trial plate are both at much the same distance from the ground and 
walls of the room, no sensible alteration can be produced in the experi- 
ment by the ground near the circles being rendered undercharged and 
that near the trial plate overcharged. 

It must be observed, indeed, that the distance of the circles and 
trial plate from the ground is much less than their distance from each 
other, and consequently the alteration of the charge of the two circles 
and trial plate produced by this cause will not be so nearly alike as that 
caused by their attraction and repulsion on each other ; but as, on the 
other hand, the whole alteration of their charge produced by this cause 
is, I imagine, much less than that produced by the other, I imagine that 
this cause can hardly have a moi-e sensible effect in the experiment than 
the preceding. 

194] Fourthly, we have not as yet taken notice that the canals by 
which the jai*s Aa communicate with the gi’ound are but short, and meet 
the ground at no great distance from the jars. 

But it may be shewn by the same kind of reasoning used in Prop. [II. 
Art. 178], with the help of the second corollary to the preceding proposi- 
tion, that the quantity of redundant fluid in the circles will bear very 
nearly the same proportion to that in the positive side of the jar A, 
whether the canal by wliich A communicates with the ground is long 
or short. 

Besides that, if it was possible for this circumstance to make much 
alteration in the proportion which the redundant fluid in the circles 
bears to that in A, it would in all probability have very nearly the same 
effect in trying the two small € 11*0168 as in trying the large one, so 
that no sensible alteration ^an be produced in the experiment finim this 
circumstance. 

It appears, therefore, that none of the above-mentioned circumstances 
can cause any sensible alteration in this experiment*. 

Therefore take the point a so that the repulsion of a particle at a on that canal 
shall be a mean between the repulsions of the same particle thereon when placed 
at li and C, the charge of T will be increased in the same proportion as it would be 
by the repulsion of a plate containing as much redundant fluid as the two plates 
together whoso centre was a, and the charge of the two circles together will also bo 
increased in the same proportion as that of the circle whose centre is a would be 
thereby. 

* [Nofe 17.] 
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1.95] Electricity scorns to be owing to a certain elastic fluid 
interspersed between the particles of bodies, and perhaps also sur- 
rounding the bodies themselves in the fonn of an atmosphere, 

196] This fluid, if it surrounds bodies in the form of an at- 
mosphere, seems to extend only to an imperceptible distance from 
them*, but the attractive and repulsive power of this fluid extends 
to very considerable distances. 

197] That the attraction and repulsion of electricity extend 
to considerable distances is evident, as corks arc made to repel by 
an excited tube held out at a great distance from them. That the 
electric atmospheres themselves cannot extend to any perceptible 
distance, I think, appears from hence, that if two electric conductors 
be placed ever so near together so as not to touch, the electric fluid 
will not pass rapidly from one to the other except by jumping in 
the form of sparks, whereas if their electric atmospheres extended 
to such a distcance as to be mixed with one another, it should seem 
as if the electricity might flow quietly ftom one to the other in 
like manner as it does through the pores of any conducting matter. 

But the following seems a stronger reason for supposing that 
these atmospheres cannot extend to any perceptible distance from 
the body they surrouii^, for if they did it should seem that two 
flat bodies whenever they were laid upon one another should al- 
ways become electric thereby, for in that case there is no room for 

* There are several circumstances which shew that two bodies, however smooth 
and strongly pressed together, do not actually touch each other. I imagine that 
the distance to which the electric atmospheres, if there arc any, extend must be 
less than the smallest distance within which two bodies can be made to approacli. 
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the electric atmosphere to extend to any sensible distance from 
those surfaces of the bodies which touch one another, so that the 
electric fluid which before surrounded those surfaces would be 
forced round to the opposite sides, which would thereby become 
overcharged with electricity, and consequently appear electrical, 
which is contrary to experience, ^ 

198] Many Electricians seem to have thought that electrified 
bodies were surrounded with atmospheres of electric matter ex- 
tending to great distances from them. The reasons which may 
have induced them to think so may be first, that an electrified 
body affects other bodies at a considerable distance. But this may, 
with much more probability, be supposed owing to the attraction 
and repulsion of the electric matter within the body or close to its 
surfiice. And, secondly, because a body placed near a positively 
electrified body receives electricity itself, whence it is supposed to 
receive that electricity from the electrified body itself, and there- 
fore to be within its atmosphere. But, in all j)robability, the body 
in this case receives its electricity from the contiguous air, and not 
immediately from the electrified body, as will bo further explained 
in its place. 

199] Let any number of bodies which conduct electricity with 
perfect freedom be connected together by substances which also 
conduct electricity. It is plain tliat the electric fluid must be 
equally compressed* in all these bodies, for if it was not, the 
electric fluid would move from those bodies in which it was more 
compressed to those in which it was less compressed till the com- 
pression became equal in all. But yet it is possible that some of 
these, bodies may be made to contain more than their natural 
quantity of electricity, and others less. For instance, let some 
power be applied to some of these bodies which shall cause the 
electric fluid within their pores to expand and grow rarer-f-, those 
bodies will thereby be made to contain less electric matter than 
they would othcTwiso do, but yet the electric matter within them 

* Noto by Editor. [That is, must sustain an equal pressure. In modern scientific 
language the words compression, extension, distortion, are used to express strain, 
or change of form, while pressure, tension, torsion, are reserved to indicate the 
stress or internal force which accompanies this change of form. Cavendish uses 
the word edmprossion to indicate stress. The idea is precisely that of iwtential.] 

t [No such power has been discovered. There is nothing among electrical phe- 
nomena analogous to the expansion of air by heat. — Ed.] 
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will be just as much compressed as it would be if this power were 
not applied. 

On the other hand, if some power were applied which shall 
dimmish the elasticity of the electric fluid within them and thereby 
make it grow more dense, those bodies will be made to contain 
more electricity, but Jet the compression will remain still the 
same. 


200] To make what is here said more intelligible, let us sup- 
pose a long tube to be filled with air, and let part of this tube, and 
consequently the air within, be heated, the air will thereby ex- 
pand, and consequently that part of the tube will contain less air 
than it did before, but yet the air in that part will be just as much 
compressed as in the rest of the tube. 

In like manner, if you suppose the elective fluid to bo not only 
confined within the pores of bodies, but also to surround them in 
the form of an atmosphere, let some power bo applied to some of 
those bodies which shall prevent this atmosphere from extending 
to so great a distance from them, those bodies will thereby be 
made to contain less electricity than they would otherwise do, but 
yet the electric fluid that surrounds them will be just as much 
compressed as it would [be] if that power was not applied. 

It will surely be needless to warn the reader here not to con- 
found compression and condensation. 


201] I now proceed to my hypothesis, 

Def. 1. When the electric fluid within any body is more 
compressed than in its natural state, I call that body positively 
electrified : when it is less compressed, I call the body negatively 
electrified. * 

It is plain from what has been here said that if any number 
of conducting bodies be joined by conductors, and one of the bodies 
be positively electrified, that all the others must be so too. 

Dep. 2. When any body contains more of the electric fluid 
than it does in its natural state, I call it overcharged. When it 
contains less, I call it undercharged, 

202] ’ Hyp. 1st. Every body overcharged with electricity repels 
an overcharged body, and. attracts an undercharged one. 
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Hyp. 2xSi. Every undercharged body attracts an overcharged 
body, and repels an undercharged one. 

Hyp. 3rd. Whenever any body overcharged with electricity is 
brought near any other body, it makes it less able to contain elec- 
tricity than before. ^ 

Hyp. 4th. Whenever an undercharged body is brought near 
another it makes it more able to contain electricity. 

203] Cor. I. Whenever any body at a distance from any 
other electrified body is positively electrified it will be overcharged, 
and if negatively electrified it will be undercharged. 

Cor. II. If two bodies, both perfectly insulated, so that no 
electricity can escape from them, be positively electrified and then 
brought near to each other, as they are both overcharged they 
will each, by the action of the other upon it, be rendered less 
capable of containing electricity, therefore, as no electricity can 
escape from them, the fluid within them will be rendered more 
compressed, just as air included within a bottle will become more 
compressed either by heating the air or by squeezing the bottle 
into less compass; but it is evident that the bodies will remain 
just as much overcharged as before. 

204] Cor. III. If two bodies be placed near together, and 
then equally positively electrified, they will each be overcharged, 
but less so than they would [be] if they had not been placed near 
together. 

It may perhaps be said that this is owing to the electric at- 
mosphere not having so much room to spread itself when the two 
bodies are brought near together as when they are at a distance; 
but I think it has already been sufficiently proved that these at- 
mospheres cannot extend to any sensible distance from their re- 
spective bodies. 

Cor. IV. If two bodies are placed near together and then 
equally negatively electrified, they will each be undercharged, but 
less so (id est, they will contain more electricity) than if placed at 
a distance. 

This phenomenpn cannot be accounted for on the foregoing 
supposition, 

205] Cor. Y. If a body overcharged with electricity be 
brought near a body not electrified and not insulated, part of the 

M. 7 
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electric fluid will be driven out of this body, and it will become 
undercharged. 

But if the body be insulated, as in that case the electric fluid 
cannot escape from it, it will not become undercharged, but the 
electric fluid within it will be more compressed than in its natural 
state, id est, the body '^ill become positively electrified, and will 
remain so as long as the overcharged body remains near it' but 
will be restored to its natural state as soon as the overcharged 
body is taken away, provided no electricity has escaped during the 
mean time. 

This is in effect the same case as that described in the 5th 
experiment of Mr Canton’s paper in the 48th vol. of [the Philo- 
sophicaV] Transactions, p. 353, and is explained by him much in 
the same manner as is done here. 

200] Cor. VI. If a body positively electrified in such a man- 
ner that if it is by any means made more or less capable of con- 
taining electricity, the electric fluid shall rim into it from without 
or shall run out of it, so as to keep it always ecpially electrified, 
be brought near another body not electrified and not insulated, 
the second body will thereby be rendered undercharged, whereby 
the first body will become more capable of containing electricity, 
and consequently will become more overcharged than it would 
otherwise be with the same degree of electrification. This again 
will make the second body more undercharged, which again will 
make the first body more overcharged, and so on. 

It must be observed here, that if the two bodies arc brought 
so near together that their action on one another shall be con- 
siderable, the electricity will jump from one to the other ; otherwise 
if the two bodies were brough t so near together that their distance 
•should not bo greater than the thickness of the glass in the Leyden 
bottle, it seems likely that the first body might receive many times 
as much additional electricity as it would otherwise receive by the 
same degree of electrification; and that tlie second body would lose 
many times as much electricity as it would by the same degree of 
negative electrification. . 

If the second body be negatively electrified, the same effect 
will be produced in a greater degree. 

It may also happen that the second body shall be made under- 
charged though it is positively electrified, provided it be much less 
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electrified than the first body, and that the two bodies be placed 
near enough to each other. 

207] The shock produced by making a communication be- 
tween the two surfaces of the Leyden vial seems owing only to the 
glass prepared in that manner containing vastly more electricity on 
its positive side than an equal surface of metal equally electrified, 
and vastly less on its negative side than the same surface of metal 
negatively electrified to the same degree, so that if two magazines 
of electricity were prepared, each able to receive as much additional 
electricity by the same degree of electrification as one of the sur- 
faces of a Leyden vial, and one of the magazines was to be posi- 
tively electrified and the other negatively, there is no doubt but 
what as great a shock would be produced by making a communi- 
cation between the two magazines as between the two surfaces of 
the Leyden vial. 

I think, therefore, that the phenomena of the Leyden vial may 
very well be accounted for on the principle of the 6th Corollary, for 
in the Leyden vial the two surfaces of the glass are so near to- 
gether, that the electric matter on one surface may act with great 
force on that on the other, and yet the electiicity cannot jump 
from one surfoce to the other, by which means perhaps the posi- 
tive side may be made many times more overcharged, and the 
negative side many times more undercharged, than it would other- 
wise be. 

208] Hyp. 5 th. It seems reasonable to suppose that when the 
electric fluid within any body is more compressed than it is in the 
air surrounding it, it will run out of that body, and when it is less 
compressed it will run int(f the body. 

Cor. I. Let the body A, not electrified, be perfectly insulated, 
and let an overcharged body be brought near it. The body A will 
thereby be’ rendered less capable of containing electricity, and 
therefore the electric fluid within it, as it cannot escape, will be 
rendered more compressed. But the electricity in the adjoining 
air will, for the same reason, be also compressed, and in all proba- 
bility equally so, therefore the electricity will have no disposition 
either to run in or out of the body. 

Cor. II. it is evidently the same thing whether A be insu- 
lated, or whether it be not insulated, but electrified in such manner 

7—2 
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that the fluid within it be as much compressed as it was before by 
virtue of the insulation. Therefore if the body A be now not 
insulated, but positively electrified, and an overcharged body be 
brought to such a distance from it that the electric fluid in the 
adjacent air be equally^^^ compressed with that in A, such a quan- 
tity of electricity will thereby be driven out of A that it will retain 
only its natural quantity. So that A will be neither overcharged 
nor undercharged, nor will the electricity have any disposition to 
run either in or out of it. 

209] If the overcharged body be now brought nearer, A will 
become undercharged, and the electricity will run into it from the 
surrounding air. If the overcharged body be not brought so near 
A will be overcharged, and the electricity will run out of it. If an 
undercharged body be brought near A it will become more over- 
charged than before, and the electricity will run out stronger than 
before. 

Cor. Ill, If the body A be negatively electrified, and an 
undercharged body be brought near it till the electric fluid in the 
adjoining air is as much compressed as tlnat in the body A, the 
electricity will have no disposition to run either in or out of A^ nor 
will it be either overcharged or undercharged, as will appear from 
the same way of reasoning as was used with regard to the 2nd 
Corollary. 

If the undercharged body be now brought nearer, A will be- 
come overcharged, and the electricity will also run out of it. If 
the undercharged body be removed farther off, A will become 
undercharged, and the electricity will also run into it. If an over- 
charged body be brought near to A, it- will become more under- 
charged than before, and the electricity will also run in faster than 
before. 

On the whole, therefore, it appears that whenever a body is 
undercharged the electricity will run into it, and whenever it is 
overcharged it will run out. 

210] It has usually been supposed that two bodies, whenever 
the electricity either runs into or out of both of them, repel each 
other; but that when it runs into one and out of the other, they 
attract. In the beginning of this paper I laid down a different 
rule for the electric attraction and repulsion, namely, that when 
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the two bodies are both overcharged or both undercharged they 
repel, but attract when one is overcharged and the other under- 
charged. 

But by what has been just said it appears that these two rules 
agree together, or at least if they do differ, they differ so little that 
there is no reason to think my rule will agree less with experiment 
than the other. 

The reasoning here used would have been more satisfactory if 
the bodies were capable of containing electricity only on one side, 
namely, on that which is turned towards the other body. But I 
do not imagine, however, that this will make much difference in 
the effect. 

211] What has been here said holds good only in cases where 
the size of the body A is smiill in respect of the distance of the 
electrified body from it, so that the influence of the electrified body 
may be nearly the same on all parts of the body A as is the case 
in bits of cork held near an excited tube ; but when the size of the 
body A is such that the influence of the electrified body may be 
much greater on that part of A which is directly under it than on 
that which is farther removed from it, as is the case in electrifying 
a prime conductor by an excited tube, then the case is very dif- 
ferent, for then on approaching the electrified tube, part of the 
electric fluid will be driven away from that part of the prime con- 
ductor which is nearest the excited tube to the rcmioter parts where 
its influence is weaker, whereby that part of the conductor nearest 
the tube will be undercharged, and consecjuently the compression 
of the electric fluid in that part will be less than in the contiguous 
air, consequently some electric matter will flow into it from the 
adjoining air, whereby the conductor will be overcharged, and 
therefore on taking away tlie tube will be positively electrified. 

Thus if the excited tube or other electrified body is not brought 
within a certain distance, the conductor receives its electricity only 
from the contiguous air, as was before said, and not immediately 
from the electrified body; but if the body be brouglit near enough, 
the electric matter jumps from the electrified body to the con- 
ductor in form of a spark. 

212] The means by which this is brought about seems thus — 
When the part of the conductor nearest the excited tube has 
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received any electricity from the contiguous air, that air will be 
undercharged, and will receive electricity from the adjacent air 
between it and the tube, by which means the electric matter will 
flow in gentle current between the particles of air from the excited 
tube to the conductor. It seems now as if the particles of air were 
by this means made to repel each other with more force, and 
thereby to become rarer, this will suffer the electric fluid to flow in 
a swifter current, which again will increase the repulsion of the 
particles of air, till at last a vacuum is made, upon which the elec- 
tric fluid jumps in a continued body to the conductor. 

213] That a vacuum is formed by the electric fluid when it 
passes in the form of a spark through air or water appears, I think, 
from the violent rising of the water in Mr Kinnersley’s electrical 
air-thermometer (Priestley, pi 21G), and still more strongly from 
the bursting the vial of water, in Mr Lane’s experiment, by making 
the electrical fluid pass through the water in the form of a spark. 

If I am not much mistaken I have frequently observed, in dis- 
charging a Leyden vial, that if the two knobs are approached 
together veiy gently, a hissing noise may be perceived before the 
spark, which shews that the electricity does begin to flow from one 
knob to the other before it moves in the form of the spark, and 
may therefore induce one to think that the spark is brought about 
in the gradual manner hero described. 

214] The attraction and repulsion of electrified bodies, ac- 
dording to the law I have laid down, may perhaps be accounted for 
in the following manner. Let a fluid consisting of particles mutu- 
ally repelling each other, and whose repulsion extends to consider- 
able distances, be spread uniformly all ovfer the globe, except in the 
space A, which we will suppose to contain more than its proper 
quantity of the fluid. The fluid placed in any space £ within 
reach of the repulsion of A will be repelled from A with more 
force than it will [be] in any other direction. But as it cannot re- 
cede from A without an equal quantity of the fluid coming into its 
room which will be equally repelled from -d, it is plain that it will 
have no tendency to recede from A, any more than a body of the 
same specific gravity as water has any tendency to sink in water. 
Let now the space B be made to contain more than its natural 
quantity of this fluid, it mil then really have a tendency to recede 
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from A, or will appear to be repelled by it, just as a body heavier 
than water tends to descend in it, and, on the contrary, if B is 
made to contain less than its natural quantity of the fluid, it will 
have a tendency towards A, or will appear to be attracted by it, 

215] Let now the space A be made^to contain less than its 
natural quantity of the fluid (as the fluid in B is now repelled from 
A with less force than it is in any other direction, id est, apparently 
attracted towards it), if B also contain loss than its natural quan- 
tity of the fluid it will tend to recede from A, id est, appear to bo 
repelled by it ; but if B contain more than its natural quantity, it 
will then tend to approach towards A, id est, appear to bo attracted 
by it. 

216] If the electric fluid is diffused uniformly through all 
bodies not appearing electrical and the repulsion of its particles 
extends to considerable distances, it is plain that the consequences 
are such as are here described ; but how far that supposition will 
agree with experiment I am in doubt 


[Note 18.] 



EXPERIMENTS ON ELECTRICITY. 


EXPERIMENTAL DETERMINATION OF THE LAW 
OF ELECTRIC FORCE. 

217] I now proceed to give an account of the experiments, in 
all of which I shall suppose, according to the received opinion, that 
the electricity of glass is positive, but it is not at all material to the 
purpose of this paper whether it is so or not, for if it was negative, 
all the experiments would agree equally well with the theory. 


218] Experiment I. The intention of the following experi- 
ment was to find out whether, when a hollow globe is electrified, 
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a smaller globe inclosed within it and communicating with the 
outer one by some conducting substance is rendered at all over or 
undercharged; and thereby to discover the law of the electric 
attraction and repulsion. 

219] I took a globe 12*1 inches in diameter, and suspended 
it by a solid stick of glass run through the middle of it as an axis, 
and covered with sealing-wax to make it a more perfect non- 
conductor of electricity. I then inclosed this globe between two 
hollow pasteboard hemispheres, 13*3 inches in diameter, and about 

of an inch thick, in such manner that there could hardly be less 
than ^ of an inch distance between the globe and the inner 
surface of the hemisplieres in any part, the two hemispheres being 
applied to each other so as to form a complete sphere, and the 
edges made to fit as close as possible, notches being cut in each of 
them so as to form holes for the stick of glass to pass through. 

By this means I had an inner globe included within an hollow 
globe in such manner that there was no communication by which 
the electricity could pass from one to the other, 

I then made a communication between them by a piece of wire 
run through one of the hemispheres and touching the inner globe, 
a piece of silk string being fastened to the end of the wire, by 
which I could draw it out at pleasure, 

220] Having done this I electrified the hemispheres by means 
of a wire communicating with the positive side of a Leyden vial, 
and then, having withdrawn this wire, immediately drew out the 
wire which made a communication between the inner globe and 
the outer one, which, as it was drawn away by a silk string, could 
not discharge the electricity either of the globe or hemispheres. 
I then instantly separated the two hemispheres, taking care in 
doing it that they should not touch the inner globe, and applied a 
pair of small pith balls, suspended by fine linen threads, to the 
inner globe, to see whether it was at all over or undercharged. 

221] For the more convenient performing this operation, I 
made use of the following apparatus. It is more complicated, 
indeed, than was necessary, but as the experiment was of great 
importance to my purpose, I was willing to try it in the most 
accurate manner. 
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Fig. 12. 



ABCDEF and AhcDef (Fig. 12) are two frames of wood of the 
same size and shape, supported by hinges at A and D in such 
manner that each frame is moveable on the horizontal line AD 
as an axis. H is one of the hemispheres, fastened to the frame 
ABGD by the four sticks of glass Mm, Nn, Pp, and Mr, covered 
with sealing-wax. h is the other hemisphere fastened in the same 
manner to the frame AbcD. G is the inner globe, suspended by 
the horizontal stick of glass Ss, the frame of wood by which Ss 
and the hinges at A and D are supported being not represented 
in the figure to avoid confusion, * 

2? is a stick of glass with a slip of tinfoil bound round it at so, 
the place where it is intended to touch the globe, and the pith 
balls are suspended from the tinfoil. 

The hemispheres were fixed within their frames in such manner 
that when the frames were brought near together the edges of the 
hemispheres touched each other all round as near as might be, so 
as to form a complete sphere, and so that the inner globe was 
inclosed within them without anywhere touching them, but on the 
contrary being at nearly the same distance from them in all parts. 
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226] 

222] It was also so contrived, by means of different strings, 
that the same motion of the hand which drew away the wire by 
which the hemispheres were electrified, immediately after that was 
done, drew out the wire which made the communication between 
the hemispheres and the inner globe, and^immediately after that 
was drawn out, separated the hemispheres from each other and 
approached the stick of glass Tt to the inner globe. It was also 
contrived so that the electricity of the hemispheres and of the 
wire by which they were electrified was discharged as soon as 
they were separated from each other, as otherwise their repulsion 
might have made the pith balls to separate, though the inner 
globe was not at all overcharged. 

The inner globe and hemispheres were also both coated with 
tinfoil to make them the more perfect conductors of electricity. 

223] In trying the experiments a coated glass jar was con- 
nected to the wire by which the hemispheres were electrified, and 
this wire was withdrawn so as not to touch the hemispheres till 
the jar was sufficiently charged. It was then suffered to rest on 
them for two or three seconds and then withdrawn, and the 
hemispheres separated as above described. 

224] An electrometer also was fastened to the prime con- 
ductor by which the coated jar was electrified, by which means 
the jar and consequently the hemispheres were always electrified 
in the same degree. This electrometer as well as the pith balls 
will be described in [Arts. 244 and 248] ; the strength of the 
electricity was the same as was commonly used in the following 
experiments, and is described in [Arts. 2G3, 329, 359, 520]. 

225] My reason for tusing the glass jar was that without it 
it would have been difficult either to have known to what degree 
the hemispheres were electrified or to have kept the electricity of 
the same strength for a second or two together, and if the wire had 
been suffered to have rested on the hemispheres while the jar was 
charging, I was afraid that the electricity might have spread itself 
gradually on the sticks of glass which supported the globe and 
hemispheres, which might have made some error in the ex- 
periment. 

226] From this manner of trying the experiment it appears : 

First, that at the time the hemispheres are electrified, there is 
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a perfect communication by metal between them and the inner 
globe, so that the electricity has free liberty to enter the inner 
globe if it has any disposition to do so, and moreover that this 
communication is not taken away till after the wire by which the 
hemispheres are electrized is removed. 

Secondly, before the hemispheres begin to be separated from 
each other, the wire which makes the communication between 
them and the globe is taken away, so that there is no longer any 
communication between them by any conducting substance. 

Thirdly, from the manner in which the operation is performed, 
it is impossible for the hemispheres to touch the inner globe while 
they are removing, or even to come within /(jths of an inch of it. 

And Fourthly, the whole time of performing the operation is 
so short, that no sensible quantity of electricity can escape from 
the inner globe, between the time of taking away the communi- 
cation between that and the hemispheres, and the approaching the 
pith balls to it, so that the quantity of electricity in the globe 
when the pith balls are approached to it cannot be sensibly dif- 
ferent from what it is when it is inclosed within the hemispheres 
and communicating with them. 

227] The result was, that though the experiment was re- 
peated several times*, I could never perceive the pith balls to 
separate or show any signs of electricity, 

228] That I might perceive a more minute degree of elec- 
tricity in the inner globe, I tried the experiment in a different 
manner, namely, before the hemispheres were electrified, I electri- 
fied the pith balls positively, making them separate about one 
inch. When the hemispheres were then separated, and the tin- 
foil, 00 , brought in contact with the globe, and consequently the 
electricity of the pith balls communicated to the globe, they still 
continued to separate, though but just sensibly. I then repeated 
the experiment in the same manner, except that the pith balls 
were negatively electrified in the same degree that they before 
were positively. They still separated negatively after being 
brought in contact with the globe, and in the same degree that 
they before did positively. 

[* Dec. 18—24, 1772, Arts. 612, 613, and AprU 4, 1773, Art. 662.] 



ON THE LAW OF ELECTHIC FORCE. 


109 


230] 

229] It must be observed that if the globe was at all over- 
charged the pith balls should separate further when they were 
previously positively electrified than when negatively, as in the 
first case the pith balls must evidently separate further than they 
would do if the globe was not overcharged, and in the latter 
case less. 

Moreover, a much smaller degree of electricity may be per- 
ceived in the globe by this manner of trying the experiment than 
the former, for when the pith balls have already got a sufficient 
quantity of electricity ^n tliem to make them separate, a sensible 
difierence will be produced in their degree of divergence by the 
addition of a quantity of fluid several times less than what was 
necessary to make them separate at first. It is plain that this 
method of trying the experiment is not just, unless the hemi- 
spheres are electrified in nearly the same degree when the pith 
balls are previously electrified positively as when negatively, which 
was provided for by the electrometer, 

230] In order to find how small a quantity of electricity in 
the inner globe might have been discovered by this experiment, I 
took away the hemispheres with their frames, leaving the globe 
and the pith balls as before. . I then took a piece of glass, coated 
as a Leyden vial, which I knew by experiment contained not more 
than th of the quantity of redundant fluid on its positive side 
that the jar by which the hemispheres were electrified did, when 
both were charged from the same conductor. 

I then electrified this coated plate to the same degree, as 
shewn by the electrometer, that the jar was in the former experi- 
ment, and then separatctl it from the prime conductor, and com- 
municated its electricity to the jar, which was not at all electrified. 
Consequently the jar contained only th part of the redundant 
fluid in this experiment that it did in the former, for the coated 
plate and jar together contained only ^ th, and therefore the jar 
alone contained only ^ th. 

By means of this jar, thus electrified, I electrified the globe in 
the same manner that the hemispheres were in the former experi- 
ment, and immediately after the electrifying wire was withdrawn, 
approached the pith balls. The result was that by previously 
electrifying the balls, as in the second way of trying the experi- 
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meut, the electricity of the globe was very manifest, as the balls 
separated very sensibly more when they were previously electrified 
positively than when negatively, but the electricity of the globe 
was not sufficient to make the balls separate, unless they were 
previously electrified, r 

It is plain that the quantity of redundant fluid communicated 
to the globe in this experiment was less than if^th part of that 
communicated to the hemispheres in the former experiment, for if 
the hemispheres themselves had been electrified they would have 
received only th of the redundant fluid they did before, and the 
globe, as being less, received still less electricity. 

231] It appears, therefore, that if a globe 12*1 inches in dia- 
meter is inclosed within a hollow globe 13*3 inches in diameter, 
and communicates with it by some conducting substance, and the 
whole is positively electrified, the quantity of redundant fluid 
. lodged in the inner globe is certainly less than th of that lodged 
in the outer globe, and that, there is no reason to think from any 
circumstance of the experiment that the inner globe is at all 
overcharged. 

232] Hence it follows that the electric attraction and repul- 
sion must be inversely as the square of the distance, and that 
wlien a globe is positively electrified, the redundant fluid in it is 
lodged intirely on its surface. 

For by Prop. V. [Art. 20], if it is according to this law, the 
whole redundant fluid ought to be lodged on the outer surface of 
the hemispheres, and the inner globe ought not to be at all over 
or undercharged, whereas, if it is inversely as some higher power 
of the distance than the square, the inner globe ought to be in 
some degree overcharged. 

233] For let ADB (Fig. 13) be the hemispheres and adb the 
inner globe, and Aa the wire by which a communication is made be- 
tween them. By Lemma IV. [Art. 18], if the electric attraction and 
repulsion is inversely as some higher power of the distance than 
the square, the redundant fluid in ABD repels a particle of fluid 
placed anywhere in the wire Aa towards the center, and conse- 
quently, unless the inner globe was sufficiently overcharged to 
prevent it, some fluid would flow from the hemispheres to the 
globe. 
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Fig. 13. 



But if the electric attraction and repulsion is inversely as some 
lower power of the distance than the square, the redundant fluid 
in ABD impels the particle in the contrary direction, that is, from 
the center, and therefore the inner globe must bo undercharged, 

234] In order to form some estimate how much the law of 
the electric attraction and repulsion may differ from that of the 
inverse duplicate ratio of the distances without its having been 
perceived in this experiment, let AT he ^ diameter of the two 
concentric spheres ABD and ahd, and let Aa be bisected in c. 
Ae in this experiment was about '35 of an inch and Te 13*1 inches, 
therefore if the electric attraction and repulsion is inversely as the 
2 4- power of the distance, it may be shewn that the force 
with which the redundant fluid in ABD repels a particle at e to- 
wards the center is to that with which the same quantity of fluid 
collected in the center woidd repel it in the contrary direction as 1 
to 57. 

But as the law of repulsion differs so little from the inverse du- 
plicate ratio, the redundant fluid in the inner globe will repel the 
point e with very nearly the same force as if it was all collected in 
the center, and therefore if the redundant fluid in the inner globe 
is ^ th part of that in ABD the particle at e will be in equilibrio, 
and as e is placed in the middle between A and a, there is the 
utmost reason to think that the fluid in the whole wire Aa will be 
so too. We may therefore conclude that the electric attraction and 
repulsion must be inversely as some power of the distance between 
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that of the 2 + th and that of the 2 — ^ th, and there is no rea- 
son to think that it differs at all from the inverse duplicate ratio*. 

235] Experiment II. A similar experiment was tried with a 
piece of wood 12 inches square and 2 inches thick, inclosed be- 
tween two wooden diawers each 14 inches square and 2 inches 
deep on the outside, so as to form together a hollow box 14 inches 
square and 4 thick, the wood of which it was composed being 
•5 to ’3 of an inch thick. 

The experiment was tried in just the same manner as the 
former. I could not perceive the inner box to be at all over or 
undercharged, which is a confirmation of what was supposed at 
the end of Prop. IX. [Art. 41] — that when a body of any shape is 
overcharged, the redundant fluid is lodged entirely on the surface, 
supposing tlie electric attraction and repulsion to be inversely as 
the square of the distance f . 


DEMONSTEATION OF COMPUTATIONS IN [Art. 234]. 


Let aef be a sphere, c its center, 6 any 
point within it, af a diameter, Ee any piano 
perpendicular to af. 

Let ch = a, 6a — r/, hf^s and ad—x, and 
let the repulsion be inversely as the n power 
of the distance. The convex surface of the 
segment Eos is to that of the whole globe as 
ad ; af and therefore if the point d is sup- 
posed to flow towards f the fluxion of the 
surface Eae is proportional to a;, and tlie 
fluxion of its repulsion on h in the directi6n 
dc is proportional to 

x{d — x) 



or may be represented thereby, but 

he* = ((^ - a;)® + a? (2a + 2rf - a?) = d* + 2aa;, 
therefore the fluxion of the repulsion is 

X {d — x) 

{d* + 2aa:) * 


[Note 19.] 


t [Art. 661.] 
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tlie variable part of the fluent of which is 

4a* ” ~ ^ (<f + 2a4^ 4a* 

2k 2 

but wlien x is nothing, (S? + 2«a?, or 5e® == c?*, Iind when x—af^ or « + 
it = therefore the whole fluent generated while b moves from a 

/is 

2ad + d:‘ / I 1 \ d*-"-s»-" 

2a* (»i - 1) Vd*‘‘ 2a»(3 -'») ’ 

but the repulsion of all the fluid collected in the center on h 

8-vd 


and 


r — d 


and 2ad + d^ = ds^ 

therefore tlie repulsion of the surface of the globe is to that of the same 
quantity of fluid collected in the center as 

ds s""' - c?®"* — .9*^ 2 (« 4- e^) 

w - 1 ids)'-' ~T- n '' a“-* 


or as 


(s-hd)2' 
3-71 '■ {s-df 


1-1 

rt-'^ 


or dividing by s® ", as 
d 


d^- 


s-\-d /8 — d 


- 


s(r4-l) s*-"(3-7i) 3-n^ s \ 


/) 


or as 


n—l 




3 ~ 


(!+;>) 2- (1 


supposing - to be called p. * 
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[EXPERIMENTS ON THE CHARGES OF BODIES.] 


236] The intention of the remaining experiments was to find 
out the proportion which the quantity of redundant fluid in bodies 
of several different shapes and sizes would bear to each other if 
placed at a considerable distance from each other and connected 
together by a slender wire, or, which comes to the same thing, 
to find the proportion which the quantity of redundant fluid in 
them would bear to each other if they were successively connected 
by a slender wire to a third body placed at a great distance from 
them, supposing the quantity of redundant fluid in the third body 
to be the same each time ; and to examine how far that proportion 
agrees with what it should be by theory if the bodies were con- 
nected by canals of incompressible fluid. 

237] To avoid circumlocution I shall frequently in the fol- 
lowing pages make use of a term the meaning of which is given in 
the following definition. 

Def. Wlien in relating any experiment in which two bodies 
B and h were successively connected t(f a third body and over- 
charged, I say that the charge of B was found to be to that of h 
as P to 1, 1 mean that the quantity of redundant fluid in B would 
have been to that in b in the above proportion, provided the 
quantity of redundant fluid in the third body was exactly the 
same each time, everything else being exactly the same as in the 
experiment, that is, the bodies being situated exactly as in the 
experiment. But when I say simply that the charge of one body 
is to that of another in any particular proportion, for instance, 
when I say that the charge of a thin circular plate is to that 
of a globe of the same diameter as 1 to 1’57, 1 would be under- 
stood to mean that if the circular plate and globe are successively 
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connected to a third body by a thin wire the redundant fluid in 
the plate would be to that in the globe in that proportion, pro- 
vided they were placed at a very great distance both from the 
third body and from juiy other over- or undercharged matter, 
and that the quantity of redundant fluicj in the third body was 
exactly the same each time. 

238] The method I took in making these experiments was 
by comparing each of the two bodies I wanted to examine, or B 
and 6 as I shall call them, one after another with a third body, 
which I shall call the trial plate, in this manner. I took two 
Leyden vials and charged both of them from the same conductor ; 
I then electrified B positively by the inside of one of the vials, and 
at the same time electrified the trial plate negatively by the coat- 
ing of the other vial. Having done this 1 tried whether the 
redundant fluid in B was more or less than sufficient to saturate 
the redundant matter in the trial plate, by making a communica- 
tion between them by a piece of wire ; for if the redundant fluid 
in B was more than sufficient to saturate the redundant matter in 
the trial plate, they would both be overcharged after the communi- 
cation was made between them ; if, on the other hand, the redun- 
dant fluid in B was not sufficient to saturate the redundant 
matter in the trial plate, they would be undercharged. Having by 
these means found what size the trial plate must be made so that 
the redundant matter in it should be just sufficient to saturate the 
redundant fluid in B, I tried the body 6 in the same manner, and 
if I found that it required the trial plate to be of the same size in 
order that the redundant matter in it should be just sufficient to 
saturate the redundant fluid in 6, 1 was well assured that if B and 
h were successively made to communicate with a third body and 
positively electrified they would each of them contain the same 
quantity of fluid, supposing the quantity of redundant fluid in the 
third body to be the same each time ; that is, that the charge of 
B was equal to that of 6. 

Having thus given a general idea of the method I used, I 
proceed to describe it more particularly. 

239] The trial plates I made use of consisted of two flat tin 
plates ABCD and ahed (Fig. 15), made to slide one upon the 
other, so that by making the side be of one plate extend more or 

8—2 
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less beyond the side BC of the other it formed a plate of a greater 
or less size, and which consequently contained more or less 
electricity*. 



240] The apparatus used in making these experiments is 
represented in Fig. 14, where the parallelogram T represents the 
trial plate and B one of the bodies to be compared together, each 
supported on non-conductors. dDh is the wire for making a com- 
munication between them, having a joint in it at D, where it is 
supported by a non-conductor, and where are also hung two small 
pith balls to show whether B and T are over- or undercharged 
after the communication is made between them. A and a are the 
two vials ; jEfe is a wire communicating with the inside coating of 
A,aCc a wire communicating with the same coating of a; and 
Ff and Og are wires fastened to the outside coating of a ; RrSs is 
a wire for making a communication between B and the vial A^ 
having joints in it at R and where ‘it is supported by non- 
conductors, and mMNn is another wire of the same kind for 
making a communication between T and the vial a.f 

241] In order to try the experiment I proceed in this manner: 
the wires Dd and Dh are lifted off from the plates B and T so as 
not to touch them, and consequently so that there is no communi- 
cation between B and T: the wires Rr and Mm are suffered to 
rest on B iftid T, and the wires JSs and Fn arc lifted up so as not 
to touch Fe and The vials are then charged by means of the 
wire bt which rests on Fe and Cfc, and communicates by the wire 

[See tableior trial plate at Art. 468.] f [See plan. Fig. 17, p. 128.] 
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r. 

Pp with the prime conductor, a communication being made be- 
tween the outside of the vial A and the ground, and the vial a 
being made to communicate with the ground by the wire xyz^ 
which rests on Gg, and is suspended from the wire ht by silk 
strings represented in the figure by dotted lines. When the vials 
are sufficiently charged, the wire bt is lifted up till xy bears against 
the bottom of Cfc, xy being still suffered to communicate with the 
ground as before, and the communication between the outside of 
the vial A and the ground being still preserved. At the same 
time the wires Ss and Kn are let fall upon Ee and Ff, For the 
sake of doing this more commodiously I make use of the silk 
strings represented in the figure by dotted lines and passing over 
the pulley U. A weight is fastened to the string at w, which is 
supported while the vials are charging in such manner that the 
wires Ss and Nn are lifted up so as not to touch Ee and Ff, and 
the wire ht is suffered to rest on Ee and Cc, and the wire xy on 
Gg ; and when the vials are sufficiently charged the weight is let 
down, by which means Ss and Nn are suffered to fall down upon 
Ee and Ff, and the wire ht is lifted up till xy bears against the 
bottom of Cfc. 

242] From what has been said it appears that whilst the vials 
were charging, the outsides of each of them communicated with 
the ground, and consequently the inside of each vial is over- 
charged and the outside undercharged. As soon as the vials 
are -charged the communication of each of them with the prime 
conductor is taken away, and at the same time the communication 
between the outside of the vial a and the ground is taken away, 
so that it is intirely insulated, and, immediately after, a com- 
munication is made between its inside and the ground, and at the 
same time the body B is made to communicate with the inside of 
the vial A, and the trial plate with the outside of the vial a\ 
consequently the body B will be overcharged as it communi- 
cates with the overcharged part of the vial A, while the under- 
charged side communicates with the ground ; and the trial plate 
will be undercharged, as it communicates with the undercharged 
side of the vial a, while the overcharged side communicates with 
the ground. 

Immediately after this operation is performed the wires Rr 
and Mm are lifted up, so as to cut off the communications of the 
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bodies B and T with the vials, and, instantly after, the wires Dd 
and J9S are let down, so as to make a communication between the 
body B and the trial plate. For the sake of expedition this opera- 
tion was performed nearly in the same manner as the former, by 
means of the silk strings passing over the pmllies L and Z, and repre- 
sented in the figure by dotted lines. I also employed an assistant 
to turn the electrical machine and to manage the silk strings 
passing over the pulley H, while I stood ready near D to perform 
the last mentioned operation as soon as the wires Sa and Nn 
were let down, and also to see whether the pith balls separated 
or not. 

243] From the manner of performing the last mentioned 
operation it appears that the communication is not made between 
B and T till after their communication with the vials and all 
other bodies is cut off; consequently, if the quantity of redun- 
dant fluid communicated to B is more than sufficient to saturate 
the redundant matter in T, they will be overcharged after the 
communication is made between them, and the pith balls at D 
will separate positively, but if the redundant fluid in B is not 
sufiicient to saturate the redundant matter in T they will be 
undercharged, and the pith balls will separate negatively. 

244] The balls were made of pith of elder, turned round 
in a lathe, about one-fifth of an inch in diameter, and were sus- 
pended by the finest linen threads that could be procured, about 
9 inches long. 

245] In making these experiments I did not open the trial 
plate to such a surface that the pith balls should not separate at 
all on making the communication between B and and assume 
that for the size which must be given to the trial plate in order 
that the deficience of fluid in it should be equal to the redund- 
ance in B (or for the required surface of the trial plate, as I shall 
call it for shortness) ; but I first made the surface of the trial 
plate such that the deficient fluid therein should exceed the re- 
dundant in By and that the pith balls should separate negatively, 
just enough for me to be sure they separated : I then diminished 
the surface of the trial plate till I found, on repeating the experi- 
ment, that the pith balls separated positively as much as they 
before separated negatively, and the mean between these I con- 
cluded to be the required surface of the trial plate. 
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246. This way of nuking the experiment I found much 
more accurate than the other, for supposing the required surface 
of the trial plate to be expressed by the number 16, I found that 
its surface must be increased to about 20 before I could be certain 
that the pith balls wo^ild separate negatively, and that it must 
be diminished to about 12 before they would separate positively ; 
whereas I found that increasing its surface from 20 to 21 would 
make the balls separate sensibly further, and that diminishing its 
surface from 12 to 11 would have the same effect; so that I 
could detennine the required surface of the trial plate at least 
four times more exactly by the latter method than by the fonner. 

247] It will be shewn hereafter * that the quantity of deficient 
fluid in the trial plate is in proportion to the square root of its 
surface; consequently the redundant fluid in B must exceed, 
or fall short of, the deficient fluid in the trial plate by about 
Jth part, in order that the balls should separate, and moreover the 
increasing or diminishing the deficience of fluid in the trial plate 
by about part will make a sensible difference in the separa- 
tion of the balls. 

248] It is plain that this way of finding the required surface 
of the trial plate is not just, unless the vials riro charged equally in 
both trials, namely, that in which the balls separate j)ositively and 
that in which they separate negatively; I therefore fastened an 
electrometer to the wire Pp^ at a sufficient distance from the vials, 
consisting of two paper cylinders about three-quarters of an inch 
iii diameter and one inch in height, suspended by linen threads 
about eight inches long, mid in changing the vials took caie 
always to turn the globe'f' till these cylinders just began to separate. 

249] In all the later experiments, however, I made use of a 
more exact kind of electrometer, consisting of two wheaten straws, 
Aa and Bh (Fig. 30), eleven inches long, with cork balls A and B 
at the bottom, each one-third of an inch in diameter, and sup- 
ported at a and h by fine steel pins bearing on notches in the brass 
plate Gy and turning on these pins as centers. This electrometer 
was» suspended by the piece of brass G from the prime conductor, 
and a piece of pasteboard, with two black lines drawn upon it, was 
placed six inches behind the electrometer on a level with the balls, 
in order to judge of the distance to which the balls separated, the 
eye being placed before the electrometer at thirty inches distance 

* [Arts. 284, 479, 682.] f [Of Naime's electrical machine, see Art. 563.] 
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from them (a guide for the eye being ^aced for that purpose'*), 
and the electrical machine was turned till the balls af>i>earcd even 



witli those lines. By these means I could judge of the strength of 
the electricity to a coiisiderablo degree of exactness. In order 
to make the straws conduct the better they were gilt over. 

250] In order to estimate what error may arise from the vials 
being not equally charged in both trials, let the required surface 
of the trial plate be called IG; then must the surface which must 
be given to it in order that the balls may separate negatively be 
20, or lG+4, supposing the vials to be charged with the usual 
degree of strength. Suppose now that in the next trial, in which 
the balls are to separate positively, the vials are charged stronger 
than before, in the ratio of os to 1, so that the quantity of redun- 
dant fluid in B shall be greater than before, in the ratio of a? to 1, 
and that the dcficience in the trial plate should bo greater than 
before in the same ratio, provided its surface remained unaltered ; 
then must the surface which must be given to the trial plate, in 

* It is necessary that the eye should always be placed nearly at the samo 
distance from the electrometer, as it is evident that the nearer the eye is placed tho 
further the balls will appear to separate. But as the distance of tho balls from tho 
eye is so much greater than their distance from the pasteboard, a small alteration 
in the distance of the balls either from the eyo or the pasteboard will make n(^> 
sensible alteration in tho distance to which the balls appear to separate. 
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order that the balls shafl separate positively as much as they did 
negatively, be 16 — ; for, if this surface is given to it, it is plain 

■27 

that the redundant fluid in B will as much exceed the deficient 
in the trial plate as itdbefore fell short of it. The mean between 

4 fa? — 1) 

these two surfaces is 16 H — , whereas it ought to have been 

LX 

16, so that the error which will proceed from thence in finding the 

2 (a? — 1) 

required surface of the trial plate is , and, consequently, 

is less than half of the en’or which we are liable to in finding it 
the other way (or that in which we endeavour to find that surface 
of the trial plate with which the balls do not separate at all), 
though X is ever so great ; for in that way it was before said that 
we were liable to an error of four. But if x is equal to J, which 
is as great an error of strength as I think can well arise in 
charging the vials, even when the first mentioned electrometer 
is used, the error in finding the required surface is only of 
the whole surface, or only ^ part of what might arise the other 
way. 


251] Having thus found what surface must be given to the 
trial plate, in order that the deficience of fluid in it shall be equal 
to the redundance in JB, I take away the body B and put the 
other body 5, which I want to compare with it, in its room, and if 
•I find on repeating the experiment that the trial plate must be 
drawn out to the same surface as before, in order that the de- 
ficience of fluid in it shall be equal to the redundance in 5, or, 
in other words, if the required surface ofi.the trial plate is the same 
in trying 6 as in trying B, I am well assured that if B and 5 
were successively made to communicate with one of the vials, or 
with any other third body, and were positively electrified, they 
would each of them contain the same, quantity of redundant fluid, 
supposing the quantity of redundant fluid in the third body to 
. remain the same each time. On the other hand, if I find that the 
required surface of the trial plate is greater in trying h than in 
trying B in the ratio of f to T*, I am well assured that the quantity 
of redundant fluid in h would exceed that in B in the ratio of 
t to r, supposing, as was said before, that the deficience of fluid 
in the trial plate is in proportion to the square root of its surface. 
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252] If the rccoder should think thatHhis conclusion requires 
any proof it may be thus demonstrated : 

Suppose that in trying B it was found that the required sur- 
face of the trial plate was and that in trying h it was f, and let 
us first suppose that the vials are charged in eifactly the same degree 
in trying 6 as in trying B, then is the conclusion evident, for then 
are B and h successively made to communicate with the vial -4, 
the charge of this vial being exactly the same each time, and the 
quantity of redundant fluid communicated to b is, actually, to that 
communicated to jB as ^ to T. But it is plain that the conclusion 
is equally just, though the vials are charged higher in trying one 
than in trying the other. For though, in this case, the redundant 
fluid actually communicated to h will not be to that communicated 
to B in the ratio of t to 1\ yet we are sure that it would have 
been so if the vials had been charged in the same degree each 
time, for the required surfaces which must be given to the trial 
plate in trying h must evidently be the same whether the vials arc 
charged to the same degree as they were in trying Z?, or to a dif- 
ferent degree. 

253] Though it is of no signification whether tlic vials are 
charged to the same degree in trying h as in trying B, yet it is 
necessary, as I said before, that in trying either B or 6 the vials 
should be charged nearly with the same strength when the balls 
are to separtate positively as when they are to separate negatively, 
as otherwise a small error will arise in finding the required surface 
of the trial plate. 

254] In all the following experiments I took care to pro- 
portion the size of the bodies B and h in such manner that the 
quantity of redundant fluid in one should not be very different 
from that in the other, so that, though the deficience of fluid in 
tlie trial plate should not be very nearly as the square root of its 
surface, it would make very little error in the conclusion. 

255] The usual distance of the centers of J? and J in these 
experiments was 83 inches, the distance of B from the vial .4 100 
inches, and that of yfrom a 86 inches, and the distance of the 
two vials about 10 inches*. The usual height of the body B and 
the trial plate above the ground was 50 inches ; they were com- 
monly supported upon pillars such as are represented in fig. 16, 

* [See plan at Art. 265, details at Ait. 466, and theory in Kote 17.] 
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where Ee^ Bh and Dd are three upright pillars of baked wood 
about 40 inches long, and ee, 6^, and cZS are sticks of glass 10 
inches long and ^ inch thick let into the wood, and covered with 
sealing-wax. AGGF is a piece of board which the pillars are 
fastened into. The points if, 72, and 8 were each supported 
by a pillar of the same kind, and the point D was supported 
nearly in the same manner. In some experiments, however, the 
body B was suspended by silk strings. The wires rfZ)S, rESs, and 
viMNn were about inch thick. 



25(5] It is well known that the air of a room is easily ren- 
dered over- or undercharged, in particuiar if a wire such as rRSs 
[Fig. 14] is positively electrified, though even in no greater degree 
than in these experiments, and kept so for a second or two, and its 
electricity then destroyed, the air near it will be sensibly over- 
charged, as may be thus shewn. Take a pair of pith balls, like 
those hung at 77, and suspend them within a few feet of the wire 
from^ some body communicating with the ground. The balls will 
Instantly separate on electrifying the wire on account of the repul- 
sion of the redundant fluid in it, but they will also continue to 
separate, though in a less degree, after the electricity of the wire 
is destroyed, which can. be owing only to the air being rendered 
overcharged by it. 
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257] It may be suspected that this electrification of the air 
by the wires may affect the separation of the pith balls at D and 
thereby cause an irregularity in the experiments, but it must be 
considered that the wire mMNn is made as much undercharged 
as rRSs is overcharged, and the pith balls ar(| placed about equally 
distant from both, so that the undercharged air near one wire will 
nearly balance the effect of the overcharged air near the other. 
Besides that, if it had any effect upon the separation of the balls, it 
would have much the same effect in trying B as in trying 6, and 
therefore could hardly cause any error in the result of the experi- 
ment. However, still further to obviate any error from that ca\ise, 
I had a contrivance by which the electricity of the wires rRSs and 
mMNn, as well as that of the vials, was destroyed as soon as the 
wires vR and mM were lifted up from B and T, 

258] It is necessary that the outside of the. bottle A and the 
wire yz should have as perfect a communication with the ground 
as possible, as otherwise it might happen that the body B and the 
trial plate might not receive their full degree of electrification 
before the wires rR and mM were lifted up. I therefore made 
them to communicate by a piece of wire with the outside wall of 
the house. This I found to bo sufficient, for if I charged a vial, 
making the outside to communicate with the outside wall, and 
then made a communication by another wire between the inside 
of the vial and another portion of the outside wall of the house at 
several feet distance from the other, I found the vial to be dis- 
charged instantly; but if I made the wires to communicate only 
with the floor of the room instead of the wall of the house, I found 
it took up some time before the vial was discharged. 

It must be observed that in this case, where you want to carry 
off the electricity very fast by an imperfect conductor, such as the 
wall, the best way is to apply a pretty broad piece of metal to the 
wall, so as to touch it in a considerable surface, and to fasten the 
wire to that, which was the way I last made use of, for if you 
only apply the wire against the wall, as it will touch the wall 
only in a few points, the electricity will not escape near so 
fast. 

259] In dry weather the linen threads by which the pith 
balls are suspended are very imperfect conductors, so that the 
balls are apt not to separate or close immediately on giving dr 
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taking away the electricity. To remedy this inconvenience I mois- 
tened the threads with a solution of sea-salt, which I found 
answered the end perfectly well, for the threads after having been 
once moistened conveyed the electricity ever after very well, 
though the air was e^r so dry. 

260] As the charge of the vials A and a is continually di- 
minishing from the time that the communication between them 
and the electrical machine is taken away, both by the electricity 
running along the surface of the vial from the inside to the out- 
side, and by the waste of electricity from the wires rR8s and 
mMNn and their supports, it is necessary that the operation of 
electrifying 13 and T .and lifting up the wires rR and mM should 
be performed as soon as possible, and, above all, it is necessary 
that the communication should be made between B and T as soon 
as possible after lifting up the wires rR and mM. This end was 
obtained very well by the manner, already described, of perform- 
ing the operation. 

261] Before I begin to relate the experiments, it will be 
proper to say something more about the accuracy that is to be 
expected in them. I before said that increasing or diminishing 
the surface of the trial plate by of what I called the required 
surface, i.e,, that surface in which the deficience was equal to 
the redundance in i?, made a sensible alteration in the distance 
to which the pith balls separated. In reality I found that in- 
creasing or diminishing it by only part of the required sur- 
face would in general make a sensible alteration, but I could not 
be certain to nearly so small a quantity, for it would frequently 
happen that after having determined t\\e surface of the trial plate 
at which the balls separated to a given degree, that on repeating 
the experiment a little after, the balls would separate differently 
from what they did before, and that I was obliged to alter the 
surface of the trial plate by and sometimes even ^ of the 
required surface in order to make the balls separate in the same 
degree as before. Therefore, as increasing the surface of the trial 
plate by part increases the deficience of fluid therein by 
^ part, it appears that if the bodies B and b really contain the 
same quantity of redundant fluid, it might seem from the ex- 
periments as if B contained or even part more or less 
redundant fluid than 6, so that 1 am liable to make an error of 
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^ or 3 ^ part in judging of the proportion of the quantity of 
redundant fluid in two bodies. I imagine, however, that it will 
not often happen that the error will amount to as much as 

262] I do not very well know what this irregularity pro- 
ceeded from. Part of it might arise from^the difference in the 
strength with which the vials were charged, but I believe that 
part of it must arise from some other cause which I am not ac- 
quainted with. For greater security I always compared each body 
with the trial plate 6 or 7 times running. 

263] It appears from the description of the electrometer 
fastened to the wire Pp that the vials were charged extremely 
weakly in these experiments, (they were indeed charged so weakly 
that if tried by Lane’s electrometer they would not discharge 
themselves, if the distance of the knobs was more than ^ of 
an inch,)* and it perhaps may be asked why I* chose to charge 
them so weakly, as it is plain that the stronger the vials are 
charged the less alteration in the size of the trial plate would it 
have required to produce the same alteration in the separation of 
the pith balls. 

264] My reason was this, — ^that the electricity seems to escape 
remarkably faster from any body, both by running into the air and 
by running along the surface of the non-conductor on which it is 
supported, when the body is electrified strongly than when it is 
weak, which made me afraid that if I had charged the vials much 
stronger the experiment might have been too much disturbed by 
the diminution of the quantity of redundant fluid in JB and the 
deficience in the trial plate between the lifting up of the wires Hr 
and Mm and letting fall •the wires Dd and I)S, and also by the 
diminution of the charge of the vials between lifting up the wire 
ht and lifting up the wires Rr and Mm ; and indeed it seemed, from 
some trials I made with a heavier electrometer fastened to Pp, as 
if the experiments wore not more exact, if so much so, when the 
vials were charged stronger, as when they were charged in the 
usual degree. 

I now proceed to relate the experiments I have made. 

265] Exp. III. This experiment was made with a view to dis- 
cover whether the quantity of redundant fluid communicated to 

* [Difference of potentials about 11*8. See Art. 329 and Note 10.] 
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the body B was different according to the different situations in 
which it was placed in respect of the vial A, or according to the 
different shape of the wire sSBr by which it was touched, or ac- 
cording to the different parts in which it was touched by that wire. 
The body which I usej^ for this purpose was a S(][uare tin plate, 12 
inches each way, and the different ways in which it was tried are 
drawn in figure 17, which represents a plan of the disposition of 
the whole apparatus, in wdiich the letters By dy D, S, t, niy My N, a, 
Ay 8, It and r represent the same things as in fig. 14. 


Fig. 17. [Scale ^fV-l 



26G] 1st Way. The tin plate was placed in a vertical plane 
so as to be represented in the plan by the line the wires Rr 
and Dd wlien let down resting on the edge of the plate as in the 
figure. 

2nd. The tin plate was placed horizontal, as represented by 
the square Bcfgy the plate being placed so that the wire Rr 
touched it near the middle. N.B. The wire Rr was bent at right 
angles about f of an inch from the end r, so that f of an inch 
was in a vertical situation, and the rest horizontal. Consequently 
the wire touched the plate only by its extremity. 

3rd. The same as the last, except that the wire Rr touched 
the plate not far from the side fgy and pretty near the middle of 
that side. 

4th. The same as the last, except that a cross wire ee was 
fastened horizontally across the wire iZr, so as to be parallel to the 
side fgy and about one inch distance from it. 
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6th. The plate in the same situation as before, but the wire 
Rr was bent into an arch, like tTR, only the plane of that arch 
was vertical. The wire touched the plate near the middle. 

6th. The plate in the same situation as before, but the wire 
Rr was removed into the situation yx^ tbe communication be- 
tween y and 8 being made by the wire yzS bent into an arch, as 
in the figure, the plane of which was vertical. The wire yx 
touched the plate near the middle. 

N.B. In all these ways the tin plate was supported on silk 
lines. 

267] The charges of the plate in the different situations were 
found to be to each other in the following proportions*: 

1st Way 11-7, 


The plate was tried in some of these situations another night, 
when the charges came out in the following proportions f: 

2nd Way 11 9, 

3rd „ 12 0, 

5th „ 11*8, 

6th „ iro. 

268] It should seem from these experiments that the charge 
of the tin plate is not exactly the same in all the ways of tryirig 
it, as the extremes seem to differ from each other by above 
part, which is more than *could arise from the error of .the experi- 
ments ; but, excepting the 4th and 6th ways, the others seem to 
differ by less than This I think we may be well assured 
of, that no sensible error can arise in the following experiments 
from any small difference in the manner in which the bodies are 
touched by the wire. 

269] Exp. IV. These experiments were made with intent to 
see whether the charge of a body of a given shape and size was 

* [Art. 470, Deo. 17, 1771. The numbers there found are here multiplied by 
a constant, so as to make the result by the Srd way equal to 12.] 

+ [Art. 468.] 

M. 


9 



130 


EXPERIMENTS ON THE CHARGES OF BODIES. [270 


the same whatever materials it consisted of, as it ought to be ac- 
cording to Prop. XVIII.* and also to see how far the charge of a 
flat plate depended on its thickness*f“. The substances used for this 
purpose were all flat plates about one foot square. The results 
of the experiments are^iven in the following Table J : 


Names of substances used. 


A tin plate 

A hollow plate composed of tin 

plates soldered togctlicr 

Another of the same kind, but thin- 
ner 

A piece of pasteboard such as used 

for the covering of books 

A piece of Portland stone 

A sandstone known in London by 

the name of Bremen stone 

A slate such as used for the cover- 
ing of houses 


Mean side 
of square. 

Thick- 

ness. 

Charge. 

Side 

increased 
by li of 
thickness. 

12-00 

•02 

11-92 

12*03 

11-03 

1-01 

12-30 

12-38 

11-62 

•37 

12-08 

12-11 

12-02 

•087 

11-95 

12-14 

12-00 

•40 

12-11 

12-53 

12-04 

•42 

12-41 

12*60 

12-00 

•16 

12-20 

12-21 


Reduced 

charge. 

11-89 

11-92 

11-97 

11-81 

11-91 

11-84 

11-99 


N.B. The three pieces of stone were all ground flat, and of 
an uniform thickness. 


270] As it would have been difficult to try the following 
substances by themselves, I coated panes of crown-glass with them 
on one side and tried them in that manner, which, as glass does 
not conduct electricity, seems as unexceptionable as it would have 
been to have tried them by themselves, supposing it had been 
possible to have done so. 


Names of substances with which the glass 

Mean side 

Thickness 

Thickness 

Charge. 

Reduced 

was coated. 

of square. 

of glass, 
c 

of coating. 

charge. 

Gold lea! 

11-98 

•056 


n-87 

11*89 

Thin tin-foil 

11-96 

•058 

•00113 

11-55 

11*59 

Several folds of thick tin-foU stuck 
together with gum- water 

11-98 

•056 

•017 

11-93 

11-96 

Gum Arabic laid on in the form of 






gum- water and suffered to dry ... 

12-05 

•064 


12-17 

12-12 

The same mixed up with a good 






deal of salt 

11-96 

•061 


11-95 

11*99 

Charcoal powder mixed with a little 






guid-water 

Water thickened with a little gum . 

12-04 

11-96 

•061 


11-96 

11-80 

11-91 

11-84 


t [Prop. XXI. Art. 73.] 
X [Arts. ■293, 471, 480, 481.] 


[Art. 68.] 
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The last mentioned substance was quite fluid, but had suffi- 
cient tenacity to prevent its flowing iiiiiiiediately to the lowest 
part of the plate. In those substances in which the thickness of 
the coating is not set down it was not measured, but the thickness 
was small. ^ 

271] All these things were supported on the pillars of baked 
wood and waxed glass described at [Art. 255]. The panes of glass 
were laid on these pillars Avith their coated sides uppermost, so 
tliat the wires Rr and Dd fell on their coated sides. As many of 
the substances used Avere but imperfect conductors of electricity, 
I fastened bits of tin- foil about an inch square on the places on 
which the wires Rr and Dd touched the plate in order to make 
the electric fluid spread more readily over it, and I satisfied my- 
self beforehand that with this precaution they conducted readily 
enough for my purpose, as I found by discharging a Leyden vial, 
and making these substances part of the circuit. 

272] It appears from these experiments that the charge of a 
thick ])late is greater than that of a thin one of the same base, as 
miglit be guessed from the theory*, and it seems to be ecpial to 
that of a very thin one whose side exceeds that of the thick one 
by about 1 J of its thickness. Let us therefore increase the mean 
side of each of these plates by I J of its thickness, where that 
quantity is worth regarding, and alter the charge found by experi- 
ment in the ratio of 12 inches to the side thus increased, which 
will give us the charge of a plate of the same materials and shape 
whose increased side is 12 inches, when tho charge of each sub- 
stance will stand as in the last column of the preceding Table. 
These numbers do not differ from each other by more than what 
may fairly be supposed OAving to the error of the experiment, and 
therefore I think we may conclude — firstly, that the charge of a. 
body of a given shape and size is the same whatever materials it 
consists of, and, though the experiment was tried only with square 
plates, yet I think there can be no doubt but the case Avill be the 
same with bodies of any other shape ; secondly, that the charge of 
any thin plate is very nearly the same whatever its thickness may 
be, provided its thickness is very small in respect of its blreadth 
or smallest diameter; and there can be no doubt also but what this 
will hold good in thin plates of any shape, though it was tried only 

* [Note 20.] 

9—2 
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with square ones ; and thirdly, if the plate is square and its thick- 
ness is several times less than its side, though not small enough to 
be disregarded, its charge is equal to that of a very thin square plate 
whose side exceeds that of the former by about 1^ of its thickness. 

This last circumstSmee seems far from being repugnant to the 
theory ; but as I do not know how to calculate the charge of such 
a plate within tolerably near limits, I shall not trouble the reader 
any further about it. 

273] Exp. V. This experiment was made with a view to find 
what proportion the charges of similar bodies of different sizes 
bear to each other, and whether it is the same that it ought to be 
by the theory on a supposition that the electric attraction and 
repulsion is inversely as the square of the distance, and that the 
bodies are connected to the jar by which they are electrified by 
canals of incompressible fluid. It was tried by taking two circular 
tin plates of 9 inches diameter, and comparing the charge of these 
two circles together with that of one of twice the diameter. The 
circles were placed in a vertical situation, and were disposed as in 
fig. 18, where the letters i?, S, m, Ty 1/, N, a, A, 8 and It stand 
for the same things as in fig. 17. lib and Cc are the two small 
circles placed parallel to each other, which, as they are in a vertical 


Fig. 18 . 



situation, appear in the plan as straight lines. Itf and Rg are the 
wires by which they are electrified, which are bent near f and g 
so as to enable them to rest on the edges of the circles, Rd is the 
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wire for making a communication between them and the trial 
plate; Ee is the large circle placed half way between the two 
small ones, and Rr the wire by which it is electrified. But it must 
be observed, that in trying the large circle the two small circles 
and the wires Ilf and Rg are taken away aid the wire Rr put in 
their room ; and in like manner, when the small circles are tried, 
the circle Ee and the wire Rr are removed. 


274] It must be observed that the charge of the two small 
circles together will not be as much as double the charge of one 
circle, unless the distance of the two circles from each other is ex- 
tremely great. In order, therefore, to know better what allowance 
to make on this account, I tried the experiment with the two 
small circles placed at three different distances, namely, at 18, 24, 
and 30 inches from each other, the circles being always placed so 
that the middle point between them was at the same distance from 
D. Their charges came out in the following proportion * : 


The large circle 1000, 

The two small ones at 36 inches distance 'SOO, 
„ „ „ 24 „ „ *859, 


275] I repeated the experiment in the same manner, except 
1st, that the distances of the vials from the circles and trial plate 
were different from what they were before, namely, in the fore- 
going experiment the distance Tca from the middle of the trial 
plate to the vial a was 87 inches and e-d, or the distance from the 
center of Ee to the vial was 106 inches, whereas in this experi- 
ment Ta was 98 inches and eA 63 inches ; the distance Te was 
83 inches in both experipicnts ; and 2ndly, that I placed a frame' 
of wood about 5 feet square under the circles 14 inches from the 
ground. The reason of these alterations will be shewn by and byf. 


Their charges came out as follows : 

The large circle 1*000, 

The two small ones at 36 inches distance . *894, 

„ „ „ 24 „ „ -840, 


276] Let us now endeavour to find out what proportion the 
charges ought to bear to each other by the theory on the above- 
mentioned supposition of their being connected by canals of in- 
• [Arts. 452, 451, 472-475.] 1 [Arts. 277, .^30, 474 and Note 17.] 
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compressible fluid, and of the electrical attraction and repulsion 
being inversely as the square of the distance. This cannot be 
done exactly without knowing the manner in which the redundant 
fluid is disposed in the circles, which I am not acquainted with, 
but if we suppose the^ fluid to be spread uniformly over the plates, 
it will appear, by calculating according to Prop. XXX. [Art. 141], 
that their charges sliould be in the following proportion : 


The large circle 1*000, 

The two small ones at 30 inches distance *933, 
« „ « 24 „ „ -911, 

„ „ „ 18 „ „ *890. 


If we suppose that tlie whole redundant fluid is collected in 
the circumference, they should be as follows : 

The large circle 1*000, 

The two small ones at 30 inches distance *890, 

>1 n ,1 24 „ „ *844, 

„ ,, ,, 18 ,, ,, 80o, 

and if wo suppose that of the whole redundant fluid is collecited 
in the circumference, and the remainder, or -J-J, spread uniformly, 
they should he as follows : 

The large circle 1*000, 

The two small ones at 30 inches distance *920, 

„ „ „ 24 „ „ *890, 

„ 18 „ „ *803. 

277] I think this latter proportion of the chaigos much the 
most likely to agree with the truth*, as it appears from an expe- 
riment which will be mentioned hereafter, that the charge of a 
circular plate bears the same proportion to that of a globe that it 
would do if the fluid wjus disposed in that manner. But it must be 
observed that in tliese calculations the circles are supposed to be 
phxced at an infinite distance from the vial by which they are 
electrified, and also from any other over- or under-charged body, 
whereas in these experiments the circles wore at such a distance 
from the vial that their repulsion on the canal by which they 
communicated with it was sensibly less than if it was infinite, and 
moreover the attraction of the under-charged trial plate on the 

* I would not be understood by this to suppose that the fluid is actually dis- 
posed in this manner in a circular plate, but only that the charges will bear the 
same pro])oriion to each other that they ought to do on this supposition. 
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wire mMNn has some tendency to increase the quantity of fluid 
in the circles, and the repulsion of the circles tends to diminish 
the quantity of fluid in the trial plate, and moreover the floor and 
walls of the room will be made under-charged near the circles and 
over-charged near the trial plate, which wjll also have some ten- 
dency to alter the (quantity of fluid in the circles and trial plate. 

It was with a view to find out what error could proceed from 
these causes that I tried the experiment in the two different ways 
above mentioned. It will be shewn, however, in the appendix*, 
that the first two of tliese causes cannot produce any sensible 
alteration in the experiment, and that it is not likely that the 
last should. This is also confirmed by the near agreement of the 
results in both ways of trying the experiment, as the difference in 
the proportion of the charges in these two ways of trying the ex- 
periment was not greater than what might well be owing to the 
error of the experiment. 

278] It seems reasonable to conclude, therefore, that the pro- 
portion which the charges ought to bear to each other in the 
theory on the supposition of their being connected by canals of 
incompressible fluid, and of the electrical attraction and repulsion 
being inversely as the squares of the distances, must be nearly as 
in the last Table, and therefore it should seem that the observed 
charges of the two small plates were rather less in proportion to 
that of the large one than they ought to have been by theory on 
the above-mentioned supposition ; but the difference is not great, 
and perhaps not more than what may be owing to our not being 
able to compute the true proportion with sufficient accuracy, and 
to the error of the experiment, though I am more inclined to 
think that the difference is real. This, however, can by no means 
be looked upon as a sign of any error in the theory, but, on the 
contrary, I think that the difference being so small is a strong 
sign that the theory is true. For it cannot be expected that the 
charges of bodies connected together by wires should bear exactly 
the same proportion to each other that they should do if they 
were connected by canals of incompressible fluid ; and, indeed, the 
third experiment shews that they do not, as the charge of the tin 
plate was found to be a little different according to the situation 
in which it was placed and the disposition of the wire by which it 
* [Art. 188, and Notes 17 and 21.] 
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was touched, which should not be the case if it was connected to 
the vial by a canal of incompressible fluid. 

279] Exp. VI. This experiment was made with the same view 
as the last, and consisted in comparing the charge of two brass 
wires together, with th^t of a single one of twice the length and 
thickness. The small wires were 3 feet long and th of an inch 
thick ; they were placed horizontal and parallel to each other, as 
represented by the lines Bb and Cc in fig. 18, and were tried at 
three different distances from each other, viz.: — 18, 24, and 36 
inches. The long wire was 6 feet long and ^th of an inch in 
thickness, and was placed in the same direction as the small ones, 
as represented by Ee, They were electrified by the same wires 
and in the same manner as the circles, only they were placed so as 
to be touched by the wires /i2, rJJ, and gR, very near their extre- 
mities by By and c. Their charges were as follows : — 


The long wire 1000, 

The two short ones at 36 inches distance *903, 
„ » „ 24 „ „ *860, 

„ „ „ 18 ,, „ *850. 


280] The charges of the two small wires af the several dis- 
tances of 36, 24, and 18 inches ought by theory to have been to 
that of the long wire in a proportion between that of *923, *905, 
and *883 to 1 and that of *893, *860, and *835 to 1, supposing them 
to be connected to the vial by canals of incompressible fluid, but, 
as it should seem from the next experiment, ought in all pro- 
bability to approach much nearer to the former proportion than 
the latter. The observed charges were actually between these two 
proportions, but approached much nearer to the latter, so that they 
agreed as nearly with the computation as could be expected*. 

281] Exp. VII. Being a comparison of the proportional charges 
of several bodies of different shapes : the result is as follows : — 


A globe 12*1 inch in diameter 1*000 

A tin circle 18*5 „ „ ^*9.92 

A tin plate 15*5 inches square .., a • *957 

Afl oblong tin plate 17*9 inch0[4j^ inches *965 

A brass wire 72 inches long’iaiid^^S thick *937 


A tin cylinder 54*2 inches long and *73 in diameter. *951 
A tin cylinder 35*9 inches long and 2*53 in diameter *999. 

* [Arts. 453, 476, 477, 683, and Note 13.] 
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0 

The globe was the same that was used in the first experiment. 
The wire and cylinders were placed in the same manner as the 
large wire in the preceding experiment, and were touched in the 
same manner 


282] Eemarks on this experiment. 

First, the proportion which the charge' of the circular plate 
bears to that of the globe agrees very well with the theory, for by 
Prop. XXIX. [Art. 140] the proportion should be between that of 
*70 to 1 and that of 1*53 to 1, and the observed proportion is that 
of *992 to 1. We may conclude also from this experiment that the 
charge of a circular plate is to that of a globe of the same dia- 
meter as 12 to 18J, which by the above-mentioned proposition is 
the proportion which ought to obtain if H of the whole quantity 
of redundant fluid in the plate was spread uniformly [over the 
surface], and the remainder, or was spread uniformly [round 
the circumference], that is, if the value of p in that proposition 
equals [f 


283] 2ndly. The charge of a square plate is to that of a 
circle whose diameter equals the side of the square, as 1*53 to 1, 
or its charge is to that of a circle whose area equals that of the 
square as 1*02 to 1 J. 

284] 3rdly. The charge of the oblong plate is very nearly 
equal to that of a square of the same area, and consequently as 
the length of the trial plates used in these experiments never 
differed from their breadth (whether the trial plate was more or 
less drawn out) in a greater proportion than those of this oblong 
plate do, and as the charges of similar bodies of different sizes are 
as their corresponding diameters, or sides, I think we may safely 
conclude that the charges of these trial plates were as the sides of 
a square of the same area, agreeable to what was said in [Art. 247]. 


285] 4thly. By Prop. XXXI. [Art. 150] the charge of a cylinder 
whose leiigth = L and diameter = is to that of a globe whose 

2L 

diameter = Z in a ratio b^^8S& that of 1 to log, -jj and that 

A.T "'-S.’* ■ * 

of 2 to log, — , and thereforfe tte charges of the brass wire, long 


• [Arte. 478, 682.] 

+ 


f [Arts. 654, 681, and Note 2.] 
[Arts. 479, 682, and Note 22.] 
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cylinder and short cylinder, should be to that of the globe, sup- 
posing them to be connected with the vial by which they were 
electrified by canals of incompressible fluid, in a ratio between that 
of -894, *896 and *887 to 1 and that of 1*019, 1*573 and 1*409 to 1. 
The observed charges Care as *900, *980 and 1*028 to 1, which are 
between the two above-mentioned proportions, but approach much 
nearer to the former than the latter, as might have been expected ; 
so that the observed charges agree very well with the theory*. 

280] Stilly. If wo suppose that the redundant fluid is dis- 
posed in the same manner in a cylinder, whether the length is 
very great in respect of the diameter or not, it is reasonable to 
suppose that the charges of the brass wire, long cylinder and short 
cylinder, should be to each other in a proportion not much different 
from that of *894, *896 and *887, or that of *966, *968 and *959. 
The observed charges do not difier a groat deal from that ratio, 
only the charges of the two cylinders, especially the shorter, are 
rather greater in proportion to that of the brass wire than they 
ought [to be], so that according to this supposition the observed 
charges do not agree exactly with computation. But if we sup- 
pose that the redundant fluid is spread less uniformly in a cylin- 
der whose length is not very great in proportion to its diameter 
than in another, that is, that there is a greater proportion of the 
redundant fluid lodged near the extremities, which seems by no 
means an improbable supposition, the observed charges may per- 
haps agree very well with what they should be by theory, if they 
were connected by canals of incompressible fluid. 

287] With regard to the small disturbing causes mentioned 
in [Art. 277], as the length of the brass wire bears so great a 
proportion to its distance from the trial plate and to its distance 
from the ground, it is possible that its effect in increasing the de- 
ficiency of fluid in the trial plate may be sensibly less, and also 
that the increase of charge, which it receives itself from the 
ground near it being under-charged, may be sensibly different 
from what it would be if it had been of a more compact shape, 
so that perhaps some alterations may have been made in the ex- 
periments by these two causes. I should imagine, however, that 
they could be but small. It must be observed that the first of 
these two causes tends to make the charge of the wire appear 

* [Note 12.J 
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greater than it really was, and consequently to make the observed 
charges appear to agree nearer with the theory than they really 
did. Which way the second cause should operate I cannot say. 

On the whole it shouW seem as if the true charge of a cylinder 
whose length is L and diameter D is to^that of a globe whose 


diameter is L nearly as § to natural logarithm 


D ^ 


or as *489 to 


Tabular log. 


Vi 

B' 


288] Exp. VIII. Let AB, ah and eg (Fig. 19) be three equal 
thin parallel plates equidistant and very near to each other, and let 
Gfy the line joining their centers, be perpendicular to their planes, 
and let all three plates communicate with each other and be posi- 


Fig. 19. 



tively electrified: it may easily be shewn that according to the 
tlieory the quantity of redundant fluid in the middle plate will bo 
many times less than that in either of tlie outer plates, or than 
that which it would njceive by the same degree of electrification if 
placed by itself. I therefore took three tin plates, each 12 inches 
square, and placed them as above described, and electrified them 
by means of a wire fixed to a Leyden jar, the end of the wire 
being formed in such manner tis to touch all three plates at once. 
As soon as the electrifying wire was taken away I drew away the 
outer plates, and at the same time approached a pair of cork balls 
to the middle plate in the same manner as I did to the globe in 
the first experiment and observed how much they separated, care 
being taken to take away the electricity of the outer plates as soon 
as drawn away. I then removed the outer plates and, by the 
same means that I used in the first experiment, made the quan- 
tity of redundant fluid in the jar less than before in a given ratio, 
and by means of this jar electrified the middle plate by itself and 
approached the cork balls as before. lii this manner I proceeded 
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till I found how much it was necessary to diminish the quantity 
of redundant fluid in the jar in order that the corks might sepa- 
rate as much as before, and consequently how much less the quan- 
tity of redundant fluid in the middle plate when placed between 
the two other plates \fe.s than that which it would have received 
by the same degree of electrification if placed by itself*. 

The result was that when the distance of the outer plates was 
1*15 

j gg inches, the quantity of redundant fluid in the middle plate 

was about times less than it would be if electrified in the same 
degree when placed by itself. 

289] It is plain that according to the theory the quantity of 
redundant fluid in each of the outer plates should be tlie same, 
and that the quantity in the middle plate should be such that the 
repulsion of AB and ah together on the column cf shall be equal 
to that of the plate €g thereon in the contrary direction, and the 
redundant fluid in each of the outer plates is not much more than 
one-half of that which it would receive by the same degree of elec- 
trification if placed by itself. Now it will appear by computing, 
according to the principles delivered in Prop. XXX. [Art. 141], that 
the quantity of redundant fluid in the middle plate will be so ex- 
cessively different according to the different manner in which the 
fluid is disposed in the plates that there is no forming any toler- 
able guess how much it ought to be ; but if we suppose that part 
of the redundant fluid in each plate is spread uniformly and the 
rest collected in the circumference, and that in the outer plates 
the part that is spread uniformly is of the whole, as we sup- 
posed in Experiment V., the quantity of redundant fluid in the mid- 
dle plate when the distance of the outer plates is 1*15 inches will 
not agree with observation, unless we suppose that not more than 
the 21st part of it is spread uniformly ; but if we suppose that f 
of the redundant fluid in the outer plates is spread uniformly the 
quantity in the middle plate will agi’ee with observation, if we 
suppose that about ^ of it is spread uniformly and the rest col- 
lected in the circumference. 

When the distance of the outer plates is 1*65 inches there is no 
need of supposing so great a proportion of the fluid in the middle 
* [Art. 512 and Note 23.] 
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plate to be disposed in the circumference in order to reconcile the 
theory with observation. 

N.B. The more uniformly we suppose the fluid to be spread 
in the outer plates and the less so in the middle, the greater 
should be the quantity in the middle plate.^^ 

The above computations were made on the supposition that the 
plates were circles of 14 inches diameter, that is, nearly of the 
same area that they actually were of 

290] It will appear by just the same method of reasoning that 
was used in the remarks on the 22nd Proposition [Art. 74], that a 
vastly greater proportion of the redundant fluid in the middle plate 
will be collected near its circumference than would be if the outer 
plates were taken away, and perhaps this circumstance may make 
the fluid in the outer plates be spread more uniformly than it 
would otherwise be, so that it seems not improbable that the fluid 
in the plates may bo disposed in such manner as to make the ex- 
periment agree with the theory. 

The circumstance of its being necessary to suppose a greater 
proportion of fluid in the middle plate to be lodged in the circum- 
ference when the plates are at the smaller distance from each other 
than when they are at the greater agrees very well with the theory, 
for it is plain that the nearer the outer plates are to each other 
the greater proportion of the fluid in the middle plate should be 
lodged in the circumference. 

On the whole I see no reason to think that the experiment dis- 
agrees with the theory, though the middle plate was certainly more 
overcharged than I should have expected. 


GENERAL CONCLUSION. 

291] The 1st experiment shews that when a globe is electri- 
fied the whole redundant fluid therein is lodged in or near its sur- 
face, and that the interior parts are intirely, or at least extremely 
nearly, saturated, and consequently that the electric attraction and 
repulsion is inversely as the square of the distance, or to speak 
more properly, that the theory will not agree with experiment on 
the supposition that it varies according to any other law. 
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292] The 2nd experiment shews that this circumstance of the 
"whole redundant fluid being lodged in or near the surface obtains 
also in other shaped bodies, as well as in the globe, conformably 
to the supposition made in the remarks at the. end of Prop. IX. 
[Art. 41]. Tliese two Experiments, at the same time that they 
determine the law of electric attraction and repulsion, serve in 
some measure to confirm the truth of the theory, as it is a cir- 
cumstance which, if it had not been for the theory, one would 
by no means have expected. 

293] From the 4th experiment it appears, first, that the charge 
of different bodies of the same shape and size, all ready conductors of 
electricity, is the same, whatever kind of matter they are composed 
of ; and secondly, that the charge of thin plates is very nearly the 
same whatever thickness they may be of, provided it is very small 
in respect of their breadth or smallest diameter ; but if their thick- 
ness bears any considerable proportion to their breadth, then their 
charge is considerably greater than if their thickness were very 
small. These two circumstances are perfectly conformable to the 
theory, and are a great confirmation of the truth of it. 

294] The remaining experiments contain an examination^ 
whether the charges of several different sized and different shap^ 
bodies bear the same proportion to each other, which they ought 
to do according to the attempts made in different parts of those 
papers to compute their charges by theory, supposing, as we HStre 
shewn to be the case, that the electric attraction and repulsion is 
inversely as the square of the distance: with regard to this it 
must be observed that, as in computing their charges I was obliged 
to make use of a supposition, which certainly does not take place 
in nature, it would be no sign of any error in the theory if their 
actual charges differed very much from their computed ones ; but, 
on the other hand, if the observed charges agree very nearly with 
the computed ones, it not only shews that the actual charges of 
different bodies bear nearly the same proportion to each other that 
they..yrould do if they were connected by canals of incom|||re88ible 
fluid, but is also a strong confirmation of the truth of the! theory, 
Now this appears to be the case, for, first the charge of a tin plale 
was found to be nearly, though not quite, the same in whateivt 
part it was touched by the electrifying wire, or in whatever dir&- 
tion it was placed in respect of the jar by which it was electrified. 
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Secondly, the*" charge of a single plate or wire was found to bear 
nearly, though, in the first case, I believe, not quite the same pro- 
portion to two similar plates or wires of half the diameter or 
length which it ought to do according to computation. Thirdly, 
the proportion which the charges of a thinf circular plate and of 
three cylindrical bodies of different lengths and diameters bear to 
that of a globe agree with computation ; but it must be observed 
that, as the proportion of the charges of the bodies to that of the 
globe is determined by the theory within only very wide limits, 
their agreement cannot be looked upon as so great a confirmation 
of the theory as it would otherwise be, yet as their shapes are so 
very different I think that their agreement, even within those 
limits, may be considered as a considerable confirmation of it. 



PART 
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[EXPEEIMENTS ON COATED PLATES.] 


293] This part consists cliicfly of experiments made to deter- 
mine the charges of plates of glass and other electric substances 
coated in the manner of Leyden vials. The method I used in 
doing this was nearly of the same nature as that by which I deter- 
mined the charges of the other sort of bodies in the preceding part, 
but the apparatus was more compact and portable and is repre- 
sented in Fig. 20, where Hh is a horizontal board lying on the 
ground, LI and LI are two upright pillars supporting the two hori- 
zontal bars Nn and Pp, both at the same height above the ground, 
and parallel to each other. 

To these two bars are fastened four upright sticks of glass 
covered with sealing wax; they are represented in tlie figure and 
shaded black, but are not distinguished by letters to avoid con- 
fusion. To these sticks of glass are fastened four horizontal pieces 
of wire Aa, Bb, Dd, and Ee, and to Bh is fastened another wire mM 
supported at the further end by a stick of waxed glass. 

Rr is a wooden bar reaching from the wire Ee to the pillar ZZ, 
and along the upper edge of this bar runs a wire, one end of which 
is wound round the wire Ee and the other reaches to the ground 
and serves to make a communication between Ee and the ground. 
Gc and Kk are two wires fastened firmly together at k serving to 
electrify the plate. They are moveable upon A as a center where 
they communicate with the inside coating of one or more large 
glass jars, and the same electrometer that was used in the former 
experiments is fastened to the prime conductor by which the jars 


* * [Not numbered by Cavendish.] 
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are electrified, in order that they may be charged to the same 
degree each time. 

To the ends C and c of the wire Cc is fastened a silk sMng, 
as represented in the figure, passing over the pulley 8, with a^ 
counterpoise w at the other end which serves to lift Cc from off 
the wires Aa and Bb, or to let it down upon them at pleasure. 
Og is a wire the end O of which is bent^into a ring, through which 
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passes the wire Ee^ so that Og turns upon Ee as a center. Ff is a 
wire turning in the same manner as Dd. The ends g and f of 
these wires are fastened by silk strings to G and c as represented 
in the figure, in such manner that when Cc rests on the wires Aa 
and Bh\ Gg and Ff rAt on Bd and Ee^ but oni lifting up Cfc, Og 
and Ff are also lifted off from Dd and Ee, 

The counterpoise w is so heavy as to overcome the weight of 
Ccy and to lift it up till the wires Gg and Ff bear against Ac^ and 
Bby which prevents Cc from rising any higher. 


Fig. 20 a. 



[Note. This Figure was found among the MS. It is not numbered, nor does 
any part of the MS. seem to refer to it, but it is inserted here to show some of the 
details of a piece of apparatus similar to that described in the text.] 


296] In making the experiment one of the plates whose 
charges wo want to compare together, or the plate jB as we will 
call it, is laid on the bars Nn and Pp, between the sticks of glass 
and end N, the upper coating thereof being made to communicate 
with Bb and Mm by a wire V resting on Mm, and the lower 
coating is made to communicate with the ground by a springing 
wire 8 fastened to iZr, and by its elasticity bearing against the 
lower coating of the plate. 

Another coated plate is laid on the same bars between the 
sticks of glass and n by way of trial plate, the upper coating of 
which communicates with Aa by the wire and the lower coating 
communicates with Dd by the springing wire 8. A pair of pith 
balls also, such as were used in the former 'experiments, were 
suspended from D as represented in the figure. 
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In trying the experiments, the jars, and consequently the wire 
CCj are charged, the wire Co being all that time lifted up as high 
as it will go by means of the counterpoise. When the jars arc 
charged to the proper degree as shown by|tho electrometer, the 
wire Co is let down on the wires Aa and Bh by lifting up the 
counterpoise. This instantly charges both the coated plates, for 
when Go rests on .4 a and /?6, and consequently Ff and Gg rest on 
Fjo and Dd, the lower coatings of both plates communicate with 
the ground, and their upper coatings with Co, 

Immediately after this the counterpoise is let go, by which 
means Co is lifted up, and Gg and Ff along with it, till the two 
last mentioned wires bear against Aa and Bb^ so that immediately 
after the coated plates are charged, the communication between 
them «and the wire Cc, by which they were electrified, is taken 
awfiy, and at the same time the communication between the lower 
coating of the trial plate and the ground is taken away, and imme- 
diately after that a communication is ma-de between the upper 
coating of the plate B and the lower coating of the trial plate, and 
also a communication is made between the upper surfeice of the 
trial plate and the ground, so that the upper coating of the trial 
plate and the lower coating of the plate B both communicate with 
the ground, and the upper coating of B and the lower coating of 
the trial plate communicate with each other and the wire Dd. 

Consequently, if the quantity of redundant fluid communicated 
to the wires Bb and Mm and the upper side of the plate B to- 
gether is equal to the deficient fluid on the under side of the trial 
plate, they and the wire Dd will be neither over nor undercharged 
after the operation is completed; but if the redundant fluid in 
them exceeds the deficient fluid on the lower side of the trial plate, 
Dd will be overcharged, and the pith balls will separate positively. 
On the other hand, if it is less than the deficient fluid, the pith 
balls will separate negatively, 

297] The trial plate consisted of a flat plate of glass, or other 
electric substance, the lower surface of which was coated all over 
with tinfoil, but on the upper side there was only a small cofiting 
of tinfoil. I had also flat plates of brass of different sizes which I 
could lay on the upper surface, and slip backwards and forwards, 
and thereby increase or diminish the size of the upper coating at 
pleasure, for the area of the upper coating i« equal to the area of 
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the plate of brass added to that of so much of the tinfoil as is left 
uncovered by the brass*. 

By this means I could increase or diminish the quantity of 
deficient fluid on the fewer side of the trial plate at pleasure, for I 
could alter the size of the upper coating at pleasure, and the quan- 
tity of deficient fluid on the under side of the plate is not much 
greater than it would be if the lower coating was no greater than 
the upper, and consequently depends on the size of that upper 
coating. 

As it is necessary that the trial plate should be insulated, it was 
not laid immediately on the bars Nn and Pp, but was supported by 
sticks of waxed glass fastened to those bars. 

Having by these means found what size it was necessary to 
give to the upper coating of the trial plate in order that the pith 
balls should separate positively just sensibly, and what size it was 
necessary to give to it that they might separate as much negatively, 
I removed the plate B and placed the plate or plates which I 
intended to compare with it (or the plate b as I shall call it) in its 
room and repeated the experiment in just the same manner as 
before. Then, if I found that the size which it was necessary to give 
to the upper coating of the trial plate in order to exhibit the same 
phenomena was the same as before, I concluded that the charge of 
the plate b was the same as that of B, If, on the other hand, I 
found that it was necessary to make the area of the upper coating 
of the trial plate greater or less than before in any ratio, I con- 
cluded that the charge of h was greater or less than that of B in 
the same ratio, for the quantity of deficient fluid on the lower side 
of the trial plate will be pretty nearly in proportion to the area of 
the upper coating, 

N.Bi In the following experiments it was always contrived so 
that the charges of the plates to be compared together should be 
pretty nearly alike, so that if the quantity of deficient fluid on the 
lower surface of the trial plate was not exactly in this proportion, 
it would make very little error in the proportion of the charges. 

298] The method above described is that which I made use 
of in my first experiment, but I afterwards made use of another 

* N.B. In order to estimate how much of the tinfoil was left uncovered, I drew 
parfdlel lines upon it at small equal intervals from each other, and took notice 
which of, these lines the edge of the brass plate stood at. [Arts. 442, 488.] 
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method a little different from this, and which I found more exact, 
though rather more complicated, namely, for each set of plates that 
I wanted to compare together I prepared two trial plates, which I 
shall call L and /, not coated as that above described, but in the 
usual way, namely, with the coatings of the ssJIne size on both sides*. 

The first of these plates, or Zr, was of such a size that when 
used as a trial plate with the plate Z or 6 on the other side, the 
quantity of deficient fluid in it was rather more than ought to be 
in order that the pith balls should just separate negatively, and 
the second plate I was rather greater than it ought to be in order 
that they should just separate positively. 

I also prepared a sliding plate of the same kind as the trial 
plate used in the former method, but whose charge was many 
times less than that of the plate B or 6. This sliding plate I 
placed along with the plate J? or i on the side i\^,,and on the other 
side I placed the trial plate L and found what size it was necessary 
to give to the cofxting of the sliding plate in order that the balls 
should just separate negatively. I then removed the plate B and 
put b in its room, and found what sized coating it was necessary to 
give to the sliding plate in order that the balls should separate 
the same as before. Having done this, I removed the trial plate L 
and put I in its room, and tried each of the plates B and h as 
before, finding what coating it was necessary to give to the sliding 
plate that the balls might just separate positively. 

Having done this, if I found that it required the coating of the 
sliding plate to be of the same size in order to exhibit the same 
phenomena in trying the plate B as in trying 6, it is plain that the 
charges of B and b must be both alike, but if I found that it was 
necessary to give less surface, one square inch for instance, to the 
coating of the sliding plate in trying B than in trying 6, then it is 
plain that the charge of B exceeds that of 6 by a quantity equal 
to that of the charge of the sliding plate when its surface is one 
square inch, supposing, as is very nearly the case, that the charge 
of the sliding plate is in proportion to the surface of its upper 
coating. 

In this way of trying the experiment, it is plain that, in order 
to determine the proportion which the charges of B and b bear to 
each other, we must first know what proportion the charge of the 

* [Art. 467.] 
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sliding plate, when its coating is of a given size, bears to that of B, 
This I found by finding what sized coating must be given to the 
sliding plate that its charge should be equal to that of another 
plate, the proportion of whose charge to that of 5 I was ac- 
quainted with. ^ 

It is plain that, if it is necessary to give one inch less surface 
to the coating of the sliding plate in trying B than in tiying h 
when the trial plate L is made use of, it will be necessary to make 
the same ditference in the surface of the sliding plate when the 
trial plate I is made use of, so that I might have saved the trouble 
of making two trial plates. However, for the sake of more accuracy, 
I always chose to make two trial plates and to take the mean of 
the results obtained by means of each trial plate for the true 
result. 

299] One reason why this method of trying the experiment is 
more exact than the former, or that by means of a sliding plate 
only, is that in the former method I was liable to some error from 
inaccuracy in judging how much of the tinfoil coating of the trial 
plate was left uncovered by the sliding brass plate, whereas in this 
method, as the charge of the sliding plate is but small in respect 
of that of i?, it was not necessary to be accurate in estimating its 
surface. But I believe the principal reason is that an error which 
will be taken notice of by and by, and which proceeds fi:om the 
spreading of the electricity on the surface of the glass, is greater in 
a sliding plate than in one coated in the usual manner. 

In general I think it required scarcely so great an increase of 
the charge of the trial plate to make a sensible alteration in the 
degree of separation of the pith balls in the following experiments 
as in the preceding, and therefore it should seem as if these experi- 
ments were capable of rather more exactness than the former, but 
this was not the case, as the different trials were found not to agree 
together with quite so much exactness in these experiments as the 
preceding. For this reason, and also because they were attended 
with less trouble, I repeated the experiments oftener, as I not only 
compared each plate with the trial plate for more times together 
as I did in the preceding experiments, but in general I repeated 
the experiment on several different days. 

300] The circumstance .which gave me the most trouble in 
these experiments was the spreading of the electricity on the sur- 
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face of the glass. To understand this, let ABab^ Fig. 21, be a flat 
plate of coated glass, cd and CD being the two coatings, and lot 
CD be positively electrified, and let cd communicate with the 
ground. ^ 

Fig. 21. 


It is plain that the electric fluid will flow gradually from CD 
and spread itself all round on the surface of the glass, and nearly 
the same quantity of fluid will flow from the opposite side of the 
glass into erf, so that those parts of the glass which are not coated 
gradually become charged, those parts becoming so soonest which 
are nearest the edge of the glass. 

On discharging the plate the uncoated part of the glass 
gradually discharges itself, as on the side AB the fluid will flow 
gradually from the uncoated part of the glass into CDy and on 
the opposite side it will flow into the uncoated part of the glass 
from erf. 

301] There is a great deal of difference in this respect be- 
tween different kinds of glass, as on some kinds it spreads many 
times faster than on others. The glass on which it spreads tlie 
fastest of any I have tried is a thin kind of plate-glass, of a green- 
ish colour, much like that of crown-glass, and which I have been 
told is brought from Nuremberg*. On the English plate-glass it 
does not spread near so fast, but there is a great deal of difference 
in that respect between different pieces. On the crown-glass it 
spreads not so fast as on the Nuremberg, but I think faster than 
on the generality of English plate-glass. On white glass I think 
it spreads as slowly as any. 

302] The way in which I compared the velocity with which 
it spread on different plates was as follows-|“. I took away the 
wire Ff (Fig. 20) and placed the plate which I wanted to try 
where the plates L ov I used to be placed, the lower coating com- 
municating as usual with Dd by the wire S, but the wire /8 being 
drawn up by a silk string so as not to touch the upper coating. 
The wire Cc is suffered to rest on Aa and the jars electrified. 

* [Art. 497.] t [See Arts. 485, 486, 487. Also 494 to 499.] 
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When they are sufficiently ch^ged is let down bn the tipped 
coating, which instantly charges the plate to be tried, and im* 
mediately the wire Ggr is lifted up from Dd, but not high enough 
to touch Aa. Consequently, immediately after the plate is dbarged, 
the communication between Dd and the ground is taken away, 
and consequently as fast as any fluid flows from the uncoated paii; 
of the under surface of the glass to the lower coating, some fluid 
will flow into Dd and overcharge it, and consequently make the 
pith balls separate. 

303] In order to prevent, if possible, the ill effects proceeding 
from this spreading of the electricity, I took some coated plates of 
glass, and covered all the uncoated part with cement to the thick-f 
ness of ^ or ^ an inch, as in Fig. 22, which represents a section 


Fig. 22. 



passing through the middle of the plate perpendicular to its plane; 
and in which the glass plate and Coatings are represented by the 
same letters as before, and the dotted lines represent the cement^: 
Thinking that it would be impossible for the electricity to spread 
between the cement and the glass, in which case this method niust 
have been perfectly effectual, as it would be necessary for the 
electricity to spread itself not only on the perpendicular surface ef^ 
but also to some distance on the horizontal surface j^, before the 
quantity of redundant fluid lodged on the surface of the cement 
could bear any sensible proportion to that in the coating CD. 

304] The result was that in dry weather the electricity 
seemed to spread as fast on those plates which were covered with 
cement as on the others, but in damp weather not so fast, the 
difference between dry and damp weather being less in those plates 
which were covered with cement than the others; and besides 
that there seemed as much difference between the swiftness with 
which it spread on the surface of the Nuremberg and English plates 


» [Art 484.] 
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after they were covered with cement as before, which shows 
plainly that the electricity spread between the cement and the 
^ass, and not on the surface or through the substance of the 
cement. It could not be owing, I think, to i^ passing through the 
substance of the glass, for if it was, there would hardly be much 
difference in the uncoated plates between damp and diy weather, 
whereas, in reality, there was a very great one. 

I also tried what effect varnishing the glass plates would have, 
but I did not find that it did better, if as well, as covering them 
with cement. 

305] As there seemed, therefore, to be very little advantage in 
covering the plates with cement or varnishing them, and as it was 
attended with a good deal of trouble, I did not make use of those 
methods, but trusted only to letting the wires down and up pretty 
quick, so as to allow very little time for the electricity to spread 
on the surface of the plates, and this I have reason to think was 
sufficiently effectual, as I never found much difference in the 
divergence of the pith balls, whether the wires were let down and 
up almost as quick as I could, or whether they were suffered to 
rest a second or two at bottom. 

306] As the wire Cc is suffered to rest so short a time on Aa 
and Bb, it is plain that the lower coatings of the trial plate and 
plate to be tried must have a very free communication with the 
ground and the outside coating of the jars, or else there would not 
be time for them to receive their full charge. I accordingly took 
care that the wires which made the communication should be clean 
and should touch each other in as broad a surface as I could con- 
veniently. As for the method I took to have a ready communica- 
tion with the ground, it is described in [Art. 258]. 

307] Besides this gradual spreading of the electricity on the 
surface of the glass, there is another sort which is of much worse 
consequence, as I know no method of guarding against it, namely, 
the electricity always spreads instantaneously on the surface of the 
glass to a small distance from the edge of the coating, on the same 
principle as it flies through the air in the form of a spark. This is 
visible in a dark room, as one may see a faint light on the surface 
6f the glass all round the edges of the coating, especially if the 
glass is thin, for if it is thick it is not so visible*. 

* [See Art. 532, Feb. 1, 1773. | 
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[From a photograph taken in the Cavendish Laboratory of a plate of glass 
^th a oironlar tinfoil coating on one side^ a larger coating being applied to the 
other side of the glass. The electiifieation of the coatings was produced by an 
induction coil.] 
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308] There is another circumstance which shows this instan- 
taneous spreading of the electricity, namely, after having charged 
and discharged a coated plate of glass a great many times together 
without cleaning it, I have frequently seen a narrow fringed ring 
of dirt on the glass all round the coating, tAe space between the 
ring and the coating being clean, and in general about inch 
broad*. This must in all probability have proceeded from some 
dirt being driven off from the tinfoil by the explosions, and de- 
posited on the glass about the extremity of that space over which 
the electricity spreads instantaneously, and therefore seems to show 
that the distance to which the electricity spreads instantaneously 
is not very different from ^ of an inch. 

309] From some experiments which will be mentioned by 
and byf*, I am inclined to think that the distance to which the 
electricity spreads instantaneously is about of an inch when 
the thickness of the glass is about j; of an inch and about tSo- of an 
inch when its thickness is about of an inch; or more properly 
the quantity of redundant fluid which spreads itself on the surface 
of the glass i§ the same that it would be if the distance to which 
it spread was so much, and that the glass in all parts of that space 
was as much charged as it is in the coated part. 

310] If I charged and discharged a coated plate several times 
running, in the dark, with intervals of not many seconds between 
each time, I commonly observed that the flash of light round the 
edges of the coating was stronger the first or second time than 
the succeeding ones, which seems to shew that the electricity 
spreads further the first or second time than the succeeding ones. 
Accordingly I frequently found in trying the following experiments 
that the pith balls would separate rather diflerently the first or 
second time of trying any coated plate than the succeeding one. 
Observing that I now speak of the half dozen trials which, as I 
said in [Art. 299], I commonly took with the same plate imme- 
diately after one another. 

311] Before I proceed to the experiments it may be proper to 
remind the reader J that if a plate of glass or other non-conducting 
substance, either flat or concave on one side and convex on the 

* [See Art. 638, Feb. 13, 1773.] t [See below, Arts. 314 to 323.] 

X [See Art. KiG, Prop, xxxiv., Cor. vi.] 
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other, provided its thickness is very small in respect of its least 
radius of curvature, is coated on each side with plates of metal of 
any shape, of the same size and placed opposite to each other, its 
charge ought by the theory to be equal to that of a globe whose 
diameter is equal to the square of the semidiameter of a circle 
whose ai-ea equals that of the coating divided by twice the thick- 
ness of the glass, supposing the coated plate and globe to be placed 
at an infinite distance from any over or undercharged body, and to 
be connected to the jar by which they are electrified by canals of 
incompressible fluid; provided also that the electricity does not 
penetrate to any sensible depth into the substance of the glass, 
and that the thickness of the glass bears so small a proportion to 
the size of the coating that the electricity may be considered as 
spread uniformly thereon. 

312] It was before said that the electricity spreads instan- 
taneously to a certain distance on the surface of the glass, so that 
the surface of the glass charged with electricity is in reality some- 
what greater than the area of the coating. Therefore, if the plate 
is flat, let the area of the coating be increased by a quantity which 
bears the same proportion to the real coating as the quantity of 
redundant fluid spread on the surface of the glass beyond the 
extent of the coating does to that spread on the coated part of the 
glass. That is, let the area of the coating be so much increased as 
to allow for the instantaneous spreading of the electricity, and let 
a. circle be taken whose area equals that of the coating thus 
increased. I call the square of the semidiameter of this circle, 
divided by twice the thickness of the glass expressed in inches, the 
computed charge of the plate, because, according to the above- 
mentioned suppositions, its charge ought to be equal to that of a 
globe whose diameter equals that number of inches. 

313] In like manner, in what may more properly be called a 
Leyden vial, that is, where the glass is not flat, but convex or 
concave, let a circle be taken whose area is a mean between that 
of the inside and outside coatings, allowance being made for the 
spreading of the electricity. I call the square of the semidiameter 
of this circle, divided by twice the thickness of the glass, the com- 
puted charge of the vial. In like manner, if the real charge of any 
plate is found to be equal to that of a globe of x inches in diameter, 
I sliall call its real charge x. 
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I now proceed to the experiments. 

314] I procured ten square pieces of plate-glass all ground 
out of the same piece of glass, three of them 8 inches each way and 
about inch thick; three more of abou^ the same thickness 
4 inches each way, the rest were as near to ^ of that thickness as 
the workman could grind them, one being 8 inches long and broad, 
and the other 4 inches. They were not exactly of the same thick- 
ness in all parts of the same piece, but the difference was not very 
great, being no where greater than § of the whole. The mean 
thickness was found both by actually measuring their thickness in 
different parts by a very exact instrument and finding the mean, 
and also by computing it from their weight and specific gravity 
and the length and breadth of the piece* The mean thickness, as 
found by these two different ways, did not differ in any of them by 
more than 2 thousandths of an inch. 

315] All these plates were coated on each side with circular 
pieces of tinfoil, the opposite coatings being on the same size and 
placed exactly opposite to each other. The mean thickness of the 
plates, which for more convenience I have distinguished by letters 
of the alphabet, together with the diameters of the coatings, and 
their computed charge, supposing the electricity not to spread on 
the surface of the glass, are sot down in the following table 


Flate. 

Mean 

thickness. 

A 

•2112 

B 

•2132 

C 

•2065 1 

D 

•2057 

E 

•2065 

F 

•2115 

H 

•07566 ! 

K 

•07712 1 

L 

•08205 ! 

M 

•07187 


Diameter 
of coating. 

Computed 

charge. 

6-67 

25-5 

6'6 

25-5 

6-5 

25-6 

2-166 

2-82 

216 

2-82 

2175 

2-80 

6-8 

76-5 

2-265 

6-31 

2-335 

8-31 

2-195 

8-38 


316] The sizes of the coatings were so adjusted that the com- 
puted charges of D, E, and F are all very nearly alike. Those of 
iT, L and M were intended to be three times as great as those of 

* A cubic incli of water was supposed in this calculation to weigh 253^ grains- 
Troy. [See Arts. 692, 693.] 

+ [Art. 482.] 
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the former, and consequently the diameters of their coatings nearly 
the same. The computed charges of A, B and G were intended 
to be three times as great as those of /v, L and il/, and conse- 
quently the diameter^ of their coatings about three times as great, 
and the computed charge of 11 was intended to be three times as 
great as that of A. By some mistake, however, the coatings of if, 
L and M were made rather too small, but the error is very trifling. 

317] My first trials with these plates were to examine whether 
the charge of the three plates D, E, and F together was sensibly 
less when they wore placed close together than when they were 
placed at 0 inches distance from each other, that is at as great a 
distance as my machine would allow of. I could not perceive any 
difference. This is conformable to the theory, as is shown in [Art. 
185]. I chose to make the experiment with these three plates, as 
the difference should be more sensible with them than with any 
of the others. 

318] Secondly. I compared together each of the plates Z>, 
E and F, I could not perceive any sensible difference in their 
charges*. 

Thirdly. The charge of the plate K was found to exceed that 
of the three plates I), E and F together in the proportion of I’OIG 
to 1. The charge of L was not sensibly different from that of 

and that of M very little different. 

Fourth, The charge of each of the plates A, B and C was to 
that of the three plates i, K and M together, as 0*905 to 1. 

Fifth. The charge of H was equal to that of the three plates 
A, B and C together. 

Therefore the charges of i?, K, A and H were to each 
other as 1, 3*05, 8*28 and 24*9 -f*. 

319] It appears, therefore, that the proportion which the 
charge of bears to that of jD, and which jET bears to that of A, is 
very nearly the same as that of their computed charges, but the 
proportion which the charge of A bears to that of K is near part 
less than it ought to be. 

This in all probability proceeds from the effect of the instanta- 
neous spreading of the electricity bearing a greater proportion to 
* [See Art. 489, Feb. 4, 1772.] f [See also Arts. 656 to 658.] 
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thd whole in the plate K than it does in A, the diameter of whose 
coating is near three times as great. 

320] In order to form some judgment, if possible, how great 
the effect of this instantaneous spreading ofHhe electricity was, I 
took off the coatings from the plates A and B*, and put on others 
of just the same area in the form of a rectangular parallelogram 
(that of A was 6*414 long and 5*310 broad, and that of C 6*398 long 
and 5’201 broad), and compared their charges with that of the plate 
j5, whose charge, as was before said, was just the same as those of 
these two plates before their coatings were altered. 

321] I then took off these coatingsf*, and on ^ I put a square 
coating 6*388 each way with slits cut in it, as in Fig. 23, each 
broad, so as to divide it into 9 smaller squares, each 1*863 inches 





* [0, See Art. 536.] 


t [Art. 537.] 
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c 

each way. The narrow communications marked •'in th"e figure 
between these squares were each of an inch broad. ' ’ 

On G I put an oblong coating 6*377 long and 6*343 broad, with 
fpur parallel slits cut^n it, as in Fig. 24, each^^ broad, the narrow 
space left between these slits and the outside being ^ broad. 
Having done this, I compared their charges with that of the plate 
B as before. 

It must be observed that the area of these slit coatings was 
somewhat less than that of the circular or oblong ones, but their 
whole circumference, including the circumference of the slits, is. 
more than three times as great as that of the circular or oblong 
ones, so that the surface of glass charged by means of the instanta- 
neous spreading of the electricity was more than three times as 
great in these coatings as the former, and consequently the quan- 
tity of that surface may be determined thereby, supposing that, if 
it was not for the spreading of the electricity on the surface, the 
charge of a coated plate would be the same whatever shape its 
coating is of, provided the area of the coated surface is given, 

322. In order to find whether the electricity spread to the 
same distance upon thin glass as thick, I also took off the coatings 
from the plate JEf, and in its room put on first a square coating 
6*03 inches each way, and then an oblong one 6*708 long and 
6*514 broad, with four slits in it, as in Fig. 24, each ^ broad, and 
ascertained the proportion which its charge with each of these 
coatings bore to that with the circular coating by comparing it 
with another plate, the proportion of whose charge to that of the 
circular coating I had before ascertained*. 

323] It appeared from these experiments that if we suppose 
the electricity to spread instantaneously about *07 of an inch on 
the thick glass plates such as A and C, and about *09 on the thin 
ones, not only the charges of -4, C and H with the three different 
coatings, but also the charges of all the plates will agree very well 
with the theory, as will appear by the following table; whereas, if 
we . suppose that the electricity does not spread sensibly on the 
surface of the glass, the charge of the plate H with the slit coating 
would be greater in proportion to its charge with the circular or 
oblong coating than it ought to be in the ratio of 7 to 6, and the 
error in the plates A and C yrould not be much less. 

* [Arts. 659-^663.] 
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324] Plates with circular cojxtings. 


Flates. 

Diameter. 

Increased 

diameter. 

Thickness. 

Computed 

charge. 

Observed 

charge. 

D 

2*165 

2-295 

•2057 

$ 

3-20 

3-21 

E 

216 

2-3 

•2065 

3-20 . 

3-21 

F 

. 2-176 

2-815 

•2115 

3-17 

3-21 

K 

2-265 

2-445 

•07712 

9-69 

9-74 

L 

2-585 

2-515 

•08205 

9-68 

9*74 

M 

2-195 

2-375 

•07187 

9-81 

9-84 

A 

6*57 

6-71 

*2112 

26-6 

26-6 

B 

6-6 

6-74 

•2182 

26-6 

26-6 

C 

6*5 

6-64 

•2065 

26-7 

26-6 

H 

6-8 

6-98 

•07656 

80-6 

79-8 


325] The same plates with other coatings. 


Flates. 

Area 

of 

coating. 

Circum- 

ference. 

Area which 
electricity 
spreads 
over. 

Increased 

area. 

Computed 

charge. 

Observed 

charge. 

A with oblong 

34-1 

23-4 

1-64 

35-74 

26-9 

26-8 

A with slits 

31-8 

73-5 

5 -15 

36-95 

27*8 

27-8 

0 with oblong 

33-3 

23-2 

1-62 

34-92 

20-9 

27-0 

C with slits 

30-4 

76-5 

5*35 

35-76 

27*5 

27-7 

H with oblong 

36-4 

24*1 

2-17 

.38-57 

81-2 

80-7 

H with slits 

33-3 

80-1 

7*21 

40-51 

85-3 

85-5 


By the observed charge in the foregoing table, I mean only the 
proportion which the observed charges bore to each other, not the 
real observed charges. [See Art. G71.] 

326] From the circumstance of the light mentioned in [Art. 
307], it appears plainly that the electricity does actually spread 
instantaneously to a small distance on the surface, and from the 
rings of dirt taken notice of in Art. 308 it seems likely that the 
distance to which it spreads is not very different from what we 
have here supposed; moreover, if the distance to which the electri- 
city spreads is such as we have supposed, the charges of all these 
plates bear very exactly the same proportion to each other that 
they ought to do by theory, whereas if the distance to which the 
electricity spreads is different from that here assigned, and conse- 
quently the proportion of the charges of different plates to each 
other different from that furnished by theory, it seems very strange 
that their charges should all have happened to agree with compu- 
tation, notwithstanding that their thickness and the size and shape 
M. 11 
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of their coatings are ' so very different. I think therefore that 
we may fairly infer both that the distance here assigned to the 
spreading of the electricity is right, and that, if it was not for this 
spreading of the electj’icity, the charge of any pLate of glass would 
be as the square of the radius of the circle equal in area to the 
coated surface divided by twice the thickness of the glass, that is, 
that the actual charges are in proportion to the computed ones. 

327] Though it seems likely from these experiments that the 
electricity spreads further on tlie surface of thin glass than it does 
on thick, yet I can not be sure that it does, as the difference 
observed is not greater than what might proceed from the error 
of the experiment. However, as there seems nothing improbable 
in the supposition, I shall suppose in the following pages that it 
does really do so. 

328] When I say that the electricity spreads of an inch 
on the surface of the glass, I mean that the (juantity of electricity 
thereby spread on the uncoated part of the glass is the same that 
it would be if it actually spread to that distance, and if all that 
part of the glass which it spread over was charged in the same 
degree as the coated part, and consequently that the charge of the 
plate is the same as if the size of the coating was increased by a 
ring drawn round it *07 of an inch broad, and that the electricity 
was prevented from spreading any further. But I would by no 
means be understood to mean that no part of the electricity 
spreads to a greater distance than that, as it seems very likely 
that it does so, but that the part furthest from the coating is less 
charged with electricity than that nearest to it. 

329] What is said above must be understood of the distance 
to which the electricity spreads with that degree of strength which 
I commonly made use of in my experiments, but I also made some 
trials with the plates A and G to determine to what distance it 
would spread with two other degrees of electricity. 

If a jar with Lane’s electrometer fixed to it* was charged to 
the higher degree, it would discharge itself when the knobs of the 
electrometer were at *053 inches distance ; when it was charged to 
the lower degree, it discharged itself when they were at about half 
that distance, or at *027 of an inch ; and when it was charged to 
* [Art. 540, Feb. 16, 1773.] 
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■ [Lane’s deotrioal machine, ■with discharging electrometer. From his paper in 
tl»e Phil. Trans. 1767, p. 461. For Cavendish’s form of discharging electrometer, 
see Art. 406.] 
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the usual degree, it discharged itself, as was before said, at *04 of an 
inch, so that the usual degree of electricity was about a mean 
between these two*. 

It seemed as if thi electricity spread about of an inch fur- 
ther with the stronger degree of electricity than with the weaker, 
but the experiment was not accurate enough to determine it with 
certainty. 

330] I made an experiment of the same kind to determine 
whether the electricity spread to the same distance on crown-glass 
as on this. It seemed to spread about of an inch on it, that 
is, rather less than on the plate H, though its thickness was, of 
the two, rather less. But whether this difference is real, or owing 
to the error of the experiment, I cannot tell. 

331] There seems no reason, from the foregoing experiments, 
to think that the charge of any of these plates is sensibly greater 
than it would be if the electricity was disposed uniformly on their 
coated surfaces, as their charges agree very well together without 
such a supposition. If we suppose that the charges of any of 
them are sensibly greater than they would be if the fluid was dis- 
posed uniformly, it will be necessary to suppose that there is a 
still greater difference between the distance to which the electri- 
city spreads on the surface of thin plates and that of thick ones 
than what we have assigned. But I shall speak more on this 
subject at the end of Art. [365]. 

332] But though it appears from the foregoing experiments 
that the charges of plates of glass of different thicknesses with 
coatings of different shapes and sizes bear the same proportion to 
each other that they ought to do by theory, yet their charge is many 
times greater in proportion to that of a globe than it ought to be 
on a supposition that the electricity docs not penetrate to any 
sensible depth into the substance of the glass, as will appear by 
the following experiment. 

393] In order to compare the charge of the plate D with the 
globe of inches used in the former part, I made two plates 
coated as a Leyden vial, the charge of each of which was about ^ 

* [By Macfarlane’s experiments {Tram. 11. S. Edin. Vol. xxviii. Part ii. 1878) 
tlie electromotive force required to produce sparks between flat disks at those 
distances would be 14, 11*8, and 9 units resiierstively.] 
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that of Dy each consisting of two plates of glass cemented together 
and coated on their outside surfaces with circular pieces of tinfoil 
about 1| inch in diameter*. 

I then compared the charge of each of tlJbse double plates with 
that of the globe in the same manner that I compared together 
the charges of different bodies in the former part, the only differ- 
ence being that, in trying either of these double plates, I made a 
communication between the lower coating of the plate and the 
ground, the wires Mm and Dd (Fig. 14) being contrived so that 
they were sure to fall on the upper coating f. 

By this means the charge of each of these double plates was 
found to be just equal to that of the globe. The charge of the 
plate D was then compared with that of the two double plates 
together, and was found to be less than that in the proportion of 
26r3 to 272, and consequently the charge of the plate D is to that 
of the globe as 20*3 to 13*6. 

334] Before we go further it will be proper to consider what 
effect the three circumstances taken notice of in Art. 277 will 
have in altering the proportion of the charge of the double plate 
to that of the globe. With regard to the two first, it appears that 
the charge of the globe and double plate will neither of them be 
sensibly different from what they would be if they were placed at 
an infinite distance from the jar by which they arc electrified, and 
moreover, in trying the globe, the repulsion of the redundant fluid 
in the globe increased the deficience of fluid in the trial plate as 
much as the attraction of the trial plate increased the quantity of 
redundant fluid in the globe J, so that it required the same size to 
be given to the trial plate as it would have done if the globe and 
trial plate had exerted no attraction or repulsion on each other ; 
and in trying the coated plate, the coated plate could not sensibly 
increase the deficience in the trial plate, nor could the attraction 
of the trial plate sensibly increase the redundance in the coated 
plate, so that neither of these two causes had any tendency to 
alter the proportion of the charges of the globe and coated plate 
to each other. 

• If tliey had been made of a single piece of glass, the coatings must have been 
so small as would have been inconvenient unless tlio glass had been of a greater 
thickness than could have been easily procured. [Arts. 441*, 451, 649, 653, 654.J 

t [Arts. 455, 456, 478.] J [Note 17.] 
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335] But the third cause will have a sensible effect, for in 
trying the globe the floor and sides of the room near it would be 
made undercharged, which would increase the charge of the globe, 
whereas in trying tln;^ coated plate the floor would not be made 
sensibly undercharged, nor, if it was, would it have any sensible 
effect in increasing the charge of the plate. 

So that the charge of the globe bore a sensibly greater propor- 
tion to that of the coated plate than it would have done if it had 
been placed at an infinite distance from any other bodies. 

How much the charge of the globe should be increased hereby 
I can not tell, but I should imagine it should be at least by y^^th 
part, for if the room had been spherical and 16 feet in diameter 
(about its real size) and the globe placed in its center, it should 
have been increased as much as that*, and as the globe was really 
placed three times as near to the floor as to the ceilingf, I suppose 
the effect to have been still greater. 

♦ Let the globe 56/3, whose centre is C, be insulated in the hollow globe DdS 
concentric with [itj. liot the inner globe be pos. electrified by the canal BE not 



communicating with the outer globe, and let the outer globe communicate with the 
ground. The quant, defic. fluid in the outer globe must be equal to the redundant 
in the inner globe, and the attraction of the outer globe on the canal BE is to the 
repulsion of the inner one thereon as 

J_ . 

CD * BC ’ 


and therefore the quantity of redun. fluid in the inner globe is to that which 


would contain if the outer globe were away as 


JL . Jl. . J 

BC' BC' DC 


DC : DC^BC. 


it 


If room was spherical, 16 feet in diameter, globe in middle of it, its charge should 
be increased in ratio of 16 to 15 by reason of undercharged floor, &o. 

t [This is the only indication of the height of the room. The circles were 
suspended by silk slrings from a horizontal bar (Art. 466) 87’5 inches from the floor# 
By Art. 474 the platform 14 inches high diminished the height of the bodies in the 
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336] In order to find out, if possible, how much the charge of 
the globe was increased hereby, I made four flat plates of a mixture 
of rosin and bees wax*, about 4 inches square and *22 thick, and 
coated each of them with circles of about *8 inches in diameter, 
and compared the charge of each of them separately with that of a 
circular plate of tin, 9*3 indies in diameter. I then conlpared 
the cliarge of two of these plates together with that of a tin circu- 
lar plate 18J- inches in diameter, and lastly I compared the charge 
of all together with that of a circle of 36 inches diainoter*!*. 

337] By a mean of the different experiments it appears that 
the charge of each of the rosin plates was alike, and that the 
charge of any one of them was to that of the circle of 9*3 inches 
as 10 34 to 9*3, that the charge of the circle of 18^ inches was to 
that of two of the rosin plates together as 20*19 to 21*96, and that 
the charge of the circle of 36 inches was to that of all four plates 
as 43*75 to 42 06. 

But the charge of the four plates together will not be exactly 
four times the charge of one plate singly, as some allowance must 
be made for the charge of the wire connecting their upper sur- 
faces, and, besides that, the charge of tlie plates wlicm placed close 
together will not be quite so great as if placed at a distance from 
each otherj. 

By trying tlie charge of all four rosin plates together by the 
machine. Fig. 20, both wlien placed close together and at as great 
a distance from each other as I could, I found their charge when 
close together to be to their charge when placed at a distance 
nearly as 41 to 411, and, from some other experiments I made, I 
am inclined to think that the charge of each of the wires which 
connected the upper coatings of tlie plates was to that of one plate 
alone as 28 to 930 §. 

ratio of 2 to 3. Hence the lieight of the center of the bodies from tlie floor was 42 
inches, and the height of tlie room 4 x 42 inches, or 14 feet. This would agree with 
the height of the top of the circle of 18 inches being 51 inches from the flour 
(Art. 472).] 

* These plates are non-conductors of electricity, and may be charged as Leyden 
vials. The manner in which I made them will be described in the following pages 
[Arts. 373, 614]. My reason for making them of tbcHe materials is that the charge 
of such a plate is mucli less than that of a plate of glass of the same dimensions. 

t It must be observed that, in the two last mentioned comparisons, the rosin 
plates vrere placed close togctlier and their upper surface's connected by a piece of 
wire. 

t [Art. 557.J § [Arts. 555, 558, also 443.] 
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From these circumstances, I am inclined to think that the 
charge of two plates togetlier is to that of one plate alone as 21*96 
to 10*34, and that the charge of the four plates together is to that 
of one alone as 42*06 ^o 10*34, and consequently that the charges 
of the tin circles of 9*3 inches, 18^ indies and 36 inches are to 
each other as 9*3, 20*19 and 43*75*. 

338} Tliough I do not know how to calculate how much the 
charge of the circles ought to be increased by the attraction of the 
undercharged ground, yet I think there can be little doubt but 
that if the charge of the plate of 18} inches is increased in any 
ratio whatever as that of x to a? — 18}, the charge of the plate of 
36 inches will be increased in the ratio of a? to a? — 36, and that of 
the plate of 9*3 inches in the ratio of a? to a? — 9*3; therefore if wp 
suppose that the charge of the 18} inch plate is increased in the 
ratio of 9 to 8, or of 166} to 166} — 18}, the charges of the three 
plates should be to each other as 

36 X 1(^} 18} X 166} , 9*3 x 166} 

130} ’ 148 157*2 ’ 

that is, as 43*37, 19*65 and 9*3, 

which agrees very nearly with experiment, and nearer so than it 
would have done if we had supposed the charge of the 18^ inch 
plate to have been increased in any other proportion which can be 
expressed in small numbers'^. 

339] I think we may conclude therefore that the charge of 
the 121 inch globe was increased by the attraction of the under- 
charged ground nearly in the proportion of 9 to 8, for I think 
there can be little doubt but that the charge of the globe must be 
increased thereby in nearly the same ratio as that of the 18} inch 
plate, and therefore we may conclude that the charge of the plate 
D is to the charge which the 12*1 inch globe would receive, if it 
was placed at a great distance from any over or under-charged 
matter, nearly in the proportion of 26*3 to 12*1, or, in other words, 
the charge of the plate D is 26*3, which is rather more than eight 
times greater than it ought to bo if the electric fluid did not pene- 
trate into the glass. I shall speak further as to the cause of this 
in [Art. 349]. 

340] In order to try the charge of what iEpinusJ calls a plate 
of air, I took two flat circular plates of brass, 8 inches in diameter 

* [Art. 649.] t [Art. 662, and Note 24.] J [Mem, Berl, 1766, p. 119.] 
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and i thick, and placed them on the bars J^n and Pp of the 
machine (Fig. 20), the two plates being placed one over the other, 
and kept at a proper distance from each other by three small 
supports of sealing-wax placed between thci|i, the supports being 
all of the same height, so that the plates were exactly parallel to 
each other. Care was also taken to place the plates perpendicu- 
larly over each other, or so that the line joining their centers should 
be perpendicular to their planes. 

The lowermost plate communicated with the ground by the 
wire RS, and the uppermost communicated with Afni by the wire 
V, just as was done in trying the Leyden vials. 

I then found its charge, or the quantity of redundant fluid in 
the uppermost plate, in the usual manner, by comparing it with 
the plate JD, and found it to be to that of as*... 

341] As I wf^lesirous of trying larger plates than these, and 
was unwilling to be at the trouble of getting brass plates made, I 
took two pieces of plate-glass 11^ inches square, and coated each 
of them on one side with a circular plate of tinfoil 11*5 inches in 
diameter, and placed them on the machine as I did the brass 
plates in the former experiment, with the tinfoil coatings turned 
towards each other, and kept at the proper distance by supports of 
sealing-wax as before, care being taken that the tinfoil coatings 
should be perpendicularly over each other. 

For the more easy making a communication between the 
circular coating of the lower plate and the ground, and between 
that of the upper plate and the wire Mrn, I stuck a piece of tinfoil 
on the back of each plate, communicating by a narrow slip of the 
i^ame metal with the circular coatings on the other side. 

I then tried the charge as before, the lower plate communi- 
cating with the ground and the upper with the wire Mm, 

As glass does not conduct electricity, it is plain that tho 
quantity of electric fluid in the pieces of tinfoil will be just the 
same that it would be if the glass was taken away, and the pieces 
of tinfoil kept at the same distance as before. 


* The memoranda I took of that experiment are lost, but to tlie best of my 
remembrance the result agreed very well with tho following experiment, 
t [Art. 617.] 
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The distance of the two circular coatings of tinfoil was measured 
by the same instrument with which I measured the thickness of 
the plates of glass, g,nd may be depended on to the 1000th or at 
least to the oOOth pgfrt of an inch 

342] In this manner I made the experiment with the plates 
at four different distances, namely ‘910, '420, *288 and *256, and 
when I had made a sufficient number of trials with the plates at 
each distance, I took off these circular coatings and 2)ut on smaller, 
namely of 0*35 inches diameter, and tried the experiment as be- 
fore with the plates at ‘259 inches distance. The result of the 
experiments is given in the following table: 

343t] 


No. of 
Experi- 

lllUUt. 

Distanco 
of the 
tinfoil 
coatiu^s. 

niameter of 
the coatings 
corrected for 
the spreading 
of electricitj’. 

Computed 

charge. 

Observed 

charge. 

Observed 
charge by 
coinpiitcd 
charge. 

Diameter 
of coatings 
by dista ice 
of ditto. 

1 

‘910 

11-6 

18*2 

27 

1*49 

12*6 

2 

•420 


39-1 

52 

1*32 

27-4 

3 

•288 


57-4 

72-1 

1-26 

40 

4 

•25(5 


64*6 

78*3 

1-21 

45 

5 

•259 

C-35 

1 19*6 

26*5 

1-36 

24-5 


It is j)lain tliat some allowance ought to be made in these 
trials for the spreading of the electricity on the surface of the 
glass. In the above table I have supjjosed it to spread *05 of an 
inch, but the effect is so small that it is of very little signification 
whether that allowance is made or not. 

344] In my former paper [Art. 134] I expressed a doubt 
whether the air contained between the two plates in this experi- 
ment is overcharged on one side and undercharged on the other, 
as is the case with the plate of glass in the Leyden vial, or whether 
the redundant and deficient fluid is lodged only in the plates, and 
that the air between them serves only to prevent the electricity 
from running from one plate to the other, but the following 
experiment shows that the latter opinion is true. 

. , I placed the two brass plates on the machine (Fig. 20), and 
tried their chai’ge as before, except that, after having charged the 
platesj, I immediately lifted up the upper plate by a silk string so 
as to separate it two or three inches from the lower one, and let it 

* [See Art. 459, “Bird’s mstrnment,” and “dividing machine,” Art. 517. Also 
694, 695.] 

t [See Arts. 669, 519.] 


t [Arts. 611, 516, Dec. 18, 26, 1772.] 
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down again in its place before I found its charge by making the 
communication between Bb and Dd and between Aa and Ee. 

The way I did this was that as soon as I had let down the wire 
Cfc on A a and Bb, and thereby charged thetplates, I lifted it up 
again half way so as to take away the communication between Cc 
and the upper plate &c., but did not lift it quite up, so as to make 
the communication between Bb and Dd, and between Aa and Ee, 
till after I had separated the upper plate from the lower, and put 
it back in its place. 

I could not perceive any sensible difference in tlie charge, 
whether I lifted up the upper plate in the above-mentioned man- 
ner, or whether I tried its charge without lifting it up. 

345] It is plain that in lifting up the upper plate from the 
lower and letting it down again, the greatest part of the air con- 
tained between the two plates must be dissipated and mixed with 
the other air of the room, so that if the air contained between the 
two plates w^as overcharged on one side and undercharged on the 
other, the charge must have been very much diminished by lifting 
up the upper plate and letting it down again, whereas, as I said 
before, it was not sensibly diminished. 

I think we may conclude, therefore, that redundant and defici- 
ent fluid is lodged only in the plates, and that the air between 
them serves only to prevent the electricity from running from one 
plate to the other. 

34G] As this is the case, the charge of these plates ought, 
according to the theory, to be equal to that of a globe whose 
diameter equals the square of the radius of the plate or circular 
coating divided by twice their distance, that is, to their computed 
charge, provided the electricity is spread uniformly on the surface 
of the plates, and therefore in reality the numbers in the last 
column but one ought to be rather greater than in the last but 
two, and moreover the less the distance of the plates is in pro- 
portion to the diameter of the coating, the less should be the 
proportion in which those numbers differed, and if the distance 
is infinitely small in proportion to the diameter, the proportion in 
which those numbers differ, should also be infinitely small. 

347] This will appear by inspecting the table to be the case, 
only it seems from the manner in which the numbers decrease. 
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that they would never become equal to unity though the distance 
of the plates was ever so small in respect of their diameter, and I 
should think, or rather I imagine, would never be less than 1*1, so 
that it seems as if t'lif charge of a plate of air was rather greater 
in proportion to that of the globe than it ought to be, and I be- 
lieve nearly in the proportion of 11 to 10*. 

348J The re«ason of this, I imagine, is as follows. It seems 
reasonable to conclude from the theory that when a globe or any 
other shaped body is connected by a wire to a charged Leyden 
vial, and thereby electrified, the quantity of redundant fluid in 
the globe will bear a less proportion to that on the positive 
side of the jar than it would do if they could be connected by 
a canal of incompressible fluid "f*, but in all probability when a 
plate of air is connected in like manner to the Leyden vial, the 
quantity of redundant fluid on its positive side will bear nearly 
the same proportion to that in the vial that it would do if they 
were connected by a canal of incompressible fluid, and conse- 
quently the charge of the plate of air in those experiments ought 
to bear a greater proportion to that of the globe than if they had 
been connected to the vial by which they were electrified by 
canals of incompressible fluid. 

349] It was said in Art. 339 that the charges of the glass 
plates were rather more than eight times greater than they ought 
to be by the theory, if the electric fluid did not penetrate to any 
sensible depth into the glass. Though this is what I did not 
expect before I made the experiment, yet it will agree very well 
with the theory if we suppose that the electricity, instead of enter- 
ing into the glass to an extremely small depth, as I thought most 
likely when I wrote the second part of this workj, is in reality 
able to enter into the glass to the depth of ^jr of the whole thick- 
ness of the glass, that is, to such a depth that the space into which 
it can not penetrate is only i of the thickness of the glass, as in 
that case it is evident that the charge should be as great as it 
would be if the thickness of the glass was only ^ of its real thick- 
ness, and the electricity was unable to penetrate into it at all. 

350] There is also a way of accounting for it without suppos- 

* [Art. 670.] 

t This seems likely ffom Appendix, Coroll. 5 [Art. 184]. 

t [Refers to Art. 132.] 
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ing the electricity to enter to any sensible depth into the glass, by 
supposing that the electricity at a certain depth within the glass 
is moveable, or can move freely from one side of the glass to the 
other. U 

Thus, in Fig. 25, let ABLE be a section of. the glass plate 
perpendicular to its plane, suppose that the electricity from with- 


Fig. 25. 



out can penetrate freely into the glass as far as the line ah or ed 
but not further, suppose too that within the spaces ah^a and edhe 
the electric fluid is immoveable, but that within the space otySSe it 
is moveable, or is able to move freely from the line to he. Then 
will the charge of the plate be just the same as on the former 
supposition, provided the distances a% and ee are each of the 
thickness of the plate 

351] But I think the most probable supposition is that there 
are a great number of spaces within the thickness of the glass in 
which the fluid is alternately moveable and immoveable. 


Fig. 26. 



Thus let ABDE (Fig. 26) represent a section of the plate of 
glass as before, and let the glass be divided into a great number of 
spaces by the parallel lines ah, a^, ed, eS, &c., and suppose that in 
the two outermost spaces ABha and EDde the fluid is moveable, 
that in the two next spaces ahfia and edSe it is immoveable, and 

* Tlie only reason why I suppose the electric fluid to be able to enter into the 
glass from without as far as the lines ab and ed is that Dr Franklin has shown that 
the charge resides chiefly in the plate of glass and not in the coating, and conse- 
quently that the electricity is able to penetrate into the glass to a certain depth. 
Otherwise it would have done as well if we had supposed the fluid to be immoveable 
in the whole spaces ABfia and EDBe, and that the distance Aa and Ee arc each tV 
of AE. 
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that in the two next spaces it is moveable, and so on. The charge 
will be the same as before, supposing the sum of the thickness of 
the spaces in which the electricity is immoveable to be ^ of the 
whole thickness of tl|e glass, as it is shewn that the charge of such 
a plate will be the same as that of a plate in which the electricity 
is entirely immoveable, whose thickness is equal to the sum of the 
thicknesses of those spaces in which we supposed the fluid im- 
moveable*. 

352] It must be observed that in those spaces in which we 

supposed the fluid to be moveable, as in the space ABha for ex- 
ample, though the fluid is able to move freely from the plane Ab 
to ahy that is, though it moves freely in the direction Aa or aA, 
or in a direction perpendicular to the plane of the ‘plate, yet 
it must not [be] able to move lengthways, or from A to J5, for 
if it could, and one end of the plate AE was electrified, some 
fluid would instantly flow from AE to BDy and make that end 
overcharged, which is well known not to bq the case. The same 
thing must be observed also with regard to the two former ways 
of explaining this phenomenon. * 

353] The chief reason which induces ra^.to prefer the latter 
way of accounting for it is that in the two foi’mdT Ways the thick- 
ness of the spaces in which the fluid is moveable must necessarily 
be very considerable. In thick glass, for example, in a plate of 
the same thickness as 2>, it must be not less than of an inch 
in the first way of explaining it, and in the second way it must 
be still greater. Now if the electric fluid is able to move through 
so great a space in the direction AE, it seems extraordinary that 
it should not be able to move in the direction AB, whereas in 
the latter way of accounting for it the thickness of the spaces in 
which the electricity is moveable may be supposed infinitely small, 
and consequently the distance through which the electricity 
moves in the direction AE also infinitely small. 

354] Another thing which inclines me to this way of ac- 
counting for it is that there seems some analogy between this and 
the power by which a particle of light is alternately attracted and 
repelled many times in its approach towards the surface of any 
refracting or reflecting medium. See Mr Michell’s explanation 


[Prop. xxxv. Art. 169, and Note 15.] 
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of the fits of easy reflection and transmission in Priestley’s Optics, 
page 309. 

355] To whichever of these causes it is owing that the charges 
of these plates are so much greater than they should be if the 
electric fluid was unable to enter into the plate,, it was reason- 
able to expect that the greater the force with which the plate was 
electrified, the greater should be the depth to which the electric 
fluid penetrates into the glass, or the greater should be the thick- 
ness of the spaces in which we supposed the fluid to be moveable, 
and consequently in comparing the charge of the plate D with the 
circle of 36 inches diameter, or with any other body, the greater 
the /force with which they are electrified the greater proportion 
should the charge of the glass plate bear to that of the circle. 

3^6] I therefore compared the charge of the plate D with 
thai ‘of the circle of 36 inches with electricity of two different 
degr^^s of strength, namely the same which I made use of in 
[Art. .329], in trying whether the distance to which the electricity 
spread ' on llie surface of glass was different according to the 
strength of the 'electricity. 

The way -jh jvtiibh I compared their charges was just the same 
that I madu use of in comparing the rosin plate with the tin 
circles in [Art. 337]. The event was that I could not perceive 
tliat the proportion which their charges bore to each other with 
the stronger degree of electricity was sensibly different from what 
they did with the weaker^. 

357] But it must be remembered that it seemed from the 
experiment related in [Art. 329], that the electricity spread of 
an inch further on the surface of the glass with the stronger 
degree of electricity than with the weaker. The difference of 
charge owing to this difference in the spreading of the electricity 
is ^ part of the whole, so that it seems that if the electricity had 
been prevented from spreading on the surface of the glass, the 
proportion of the charge of the glass plate to that of the tin 
circle would have been less with the stronger degree of electricity 
than with the weaker, and that nearly in the proportion of 16 
to 17. 

* [Arts. 547, 551, 553, also Arts. 451, 463, 626, 635, 638, 664.] 
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358] I also made an experiment to determine whether the 
charge of a coated plate of glass bore the same proportion to that 
of another body when the electricity was very weak as when it 
was of tlie usual strd^gth*. 

For this purpose I first found what proportion the charge of 
A tin cylinder 15 feet long and 17 inches in circumference bore 
to that of the two plates D and E together when the electricity 
was very weak* This I did in the manner represented in Fig, 27, 


Fig. 27. 



where AB is the tin cylinder supported horizontally by non-con- 
ductors. jD(7 is a brass wire 37 inches long and about ^ inch 
in diameter supported also horizontally by non-conductors, the 
end C being in contact with the cylinder, and a pair of fine pith 
balls being suspended from the other end D, FE is a piece of 
wire communicating with the prime conductor, and between it 
and DO in suspended by a silk string the wire IF in a vertical 
situation. 

359] The cylinder AB, and consequently the wire DC, were 
first electrified negatively to such a degree as to make the pith 
balls separate to the distance of one diameter of the balls. The 
prime conductor and wire FE being then charged to the usual 
deg^e, as shewn by the usual electrometer hung down from it, 
one end of the wire W was brought in contact with E so as 
to be electrified by it, and was then immediately removed and 

* [Arts. 639, CG6.] 
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brought in contact with DG so as to communicate its electricity 
to the cylinder* 

Now I found that if the wire W was 29 inches long, and I- in 
diameter, and its electricity w?is twice cJtnmunicatcd in this 
manner to the cylinder, the pith balls would separate as much 
positively as they before did negatively, consequently the cylifi- 
der AB and the wires BG and IV together, when electrified to 
such a degree as to make the pith balls separate one diameter, 
contain as much electricity as the wire W alone does when elec- 
trified in the usual degree. 

The cylinder AB was then removed, and the two glfiss plates 
D and K placed under the wire ])G in its room, their upper 
coatings communicating with D(7, and their lower coatings with 
the ground, and the operation performed as before, I found that 
[ was obliged to cliange the wire W for one of the same thickness, 
and only 22 inches long, in order that the pith balls should sepa- 
rate the same as before. 

360] Therefore the charge of the two plates T) and A’ and the 
wire BQ together is to that of the tin cylinder and wire BG 
together as the charge of a wire inch thick and 22 inches long 
to that of a wire of the same thickness and 20 inches long, that is, 
as .1 to l’2r>, and consecpiently, as tlie cliarge of the wire BG 
is but small in comparison of that of the two j)lates, the charge 
of the two plates will be to that of the tin cylinder pretty 
nearly in the same proportion of 1 to 1‘2G’|“. 

Having thus found what proportion the charges of the plates 
and cylinder bear to each other when electrified in a very weak 
degree, I tried what proportion they bore with the usual <legreo 
of electrification. 

361] To this purpose I placed the two plates on the machine 
represented in fig 20 between M and m in the usual manner, 
and on the other side I placed a sliding coated plate, and found 
as usual what size must be given to the coating of this jdate that 

* [See plan at Art. 539.] 

+ I believe tlio true proportion is between that of 1 to 1’28 and that of 1 to 1*37, 
but as the experiment is not capable of much accuiracy, I think it needless to 
tronhle the reader with the computation. [See Art. CG6 and Note 25.] 

M. 
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«. 

the pith balls should just separate positively, and what size must 
be given to it that they should just separate negatively. 

I then removed the two plates and suspended the tin cylinder 
so as to touch the A^re but without touching any other part 
of the machine, and found what size it was necessary to give to 
the coating of the sliding plate that the pith balls should se 2 )arate 
as before. 

By this means the charge of the tin cylinder was found to 
be to that of the two jdates as 1*‘13 to 1. Therefore the charge 
of the two plates seems to bear jjrctty iKiarly the same proportion 
to that of tlie cylinder wdiether the electricity is of the usual 
strength or very weak. But if we su])pose that the electricity 
spreads *07 inches on [the] surface of glass with tlie usual degree 
of electrification, and that it does not spread sensibly with the 
weak degree of electrification, then the in'oj^ortion which the 
charge of the glass jilates bears to that of the cylinder should be 
less with the usual degree of electrification than with the weak 
one, and that by about ^ part. 

This difference, however, is not more than what might very 
well proceed from the error of the experiment. 

3G2] On the whole, I am uncertain whether the charge of 
a glass jjlate would really bear a rather less i)roj)ortion to that 
of a globe or other body when the electricity is strong than when 
it is weak, provided the electricity was prevented from spreading 
on the surfaces as it should seem by these experiments, or whether 
it was not rather owing jDartly to the error of the experiment, and 
partly to there not being so much ditfmence in the distance to 
which the electricity spreads on the surface of the glass according 
to the different degree in which it is electrified, as I imagined. 

If the first of these sup|)ositions is true, I do not know how to 
reconcile it with the theory, except by supposing that the greater 
the force with which the ])late is electrifietl the less is the depth 
to which the electricity penetrates into the glass, or the less is the 
thickness of the spaces in which we supposed the fluid to be 
moveable. 

Though it seemed natural to expect that the electric fluid 
should f)enotrate further into -the glass, or that the fluid within the 
glass should move through a greater space when the glass was 
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strongly electrified than when weakly, that is, when the force with 
which the fluid was impelled was great than when it was small, 
yet it is not strange that it should be otherwise, as it is very 
2 iossible that the electric fluid may penetrate with great freedom 
to a certain depth within the glass, and that no. ordinary force 
shall be able to impel it sensibly further, and in like manner it is 
very possible that the fluid may be able to move with perfect ease 
in the space ae (Fig. 27) and 3 ^et that no ordinary force shall be 
able to move the fluid at all beyond that space. 

But it would bo very strange that the fluid should penetrate 
to a loss depth within the glass, or that the fluid within the glass 
should move through a less space when the glass is strongly elec- 
trified than when weakly. 

f‘lG3] The reader perhaps may be tempted from this circuin- 
stiince to think that the reason of the actual charge of the glass 
plates so much exceeding their computed charge is not owing to 
the electric fluid penetrating into the glass, or to any motion of 
the fluid within the glass, but to some error in the theory. But 
1 think the experiments on the plate of air [Art. 844] form a 
strong argument in favour of its being owing to the penetration of 
the el(!ctric fluid into, or its motion within the glass, for it appears 
jjlainly from these experiments that the electric fluid does not 
penetrate into the air, and on account of the fluidity of the air it 
seems very improbable that the electric fluid within the air should 
be able to move in the manner we su 2 )posed it to do within the 
glass; whereas it aj) pears plainly from Dr Frank lin^s analysis of the 
Leyden vial, that the electric fluid does actually penetrate into the 
glass. 

Therefore as this excess of the observed charge above the com- 
puted does not take place in the plate of air, where it could not 
do it consistently with the theory, but does in the glass plate, 
where it may do so consistently with the theory, I think there 
seems great reason to think that it is not owing to any defect in 
the theory, but to some such motion of the electricity as we have 
supposed. 

804] I could not find that there was any difference in the 
proportion which the charge of a glass plate bore to that of 

12—2 
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another body whether they were electrified positively or nega- 
•tiT'iely*. 

3G5] It was sAid in Art. [331], that there seemed no reason 
to think that the charge of the plate D, or of any other of those 
glass plates was sensibly greater than it would be if the electricity 
was spread uniformly on their surfaces, whereas the charge of 
most of the plates of air was found very considerably greater than 
it would be on that supposition. But this is by no means incon- 
sistent, for according to the first way of accounting for the great 
excess of the real charge of those plates above the computed, 
namely supposing that the electricity penetrates into the glass to 
the depth of of its thickness, the increase of its charge on 
account of the electricity being not spread uniformly, should be 
not greater than it would be if the glass was only J of its real 
thickness, and the electricity was unable to penetrate into it at all, 
and therefore should not be greater than it is in a plate of air in 
which the thickness is ^ of the diameter, and should therefore in 
all probability be quite imperceptible. 

And by Prop, xxxvi. [Art. 170], the increase of charge should 
hardly be much, if at all, greater according to the second or third 
way of accounting for this phenomenon. 

366] In order to tryf* whether the charge of coated glass is 
the same when hot as when cold, I made use of the apparatus in 
Fig, 28, where ABCba represents a short thermometer tube with a 
ball BCb blown at the end and another smaller ball near the top. 
This is filled with mercury as high as the bottom of the upper ball, 
and placed in an iron vessel FGMN filled with mercury as high as 
FN, Consequently the ball BCb was coated as a Leyden vial, the 
mercury within it forming the inside coating, and that in the 
vessel FOMN the outer one. 

In trying it, I set the vessel FGMN on the wooden bars of the 
machine represented in Fig. 20, near the end NP^ and dipt a small 
iron wire bound round the wire Mm into the mercury within the 
tube^-so as to make a communication between the wire Mm and 
the inside coating, the outside coating, or the mercury in FGMN^ 
being made to communicate with the ground. 

• [Art. 46.3.] 

t [Art. 666, March 21, 1773. See also Arts. 648, 649, 680.] 
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It was heated by a lamp placed under FQMN^ aiiQ itji cbttrge 
was frequently tried while heating by comparing with qT: sliding 
coated plate placed on the other end of the wooden bars. > 

When it was sufficiently heated, the larfip was taken away, 
and the charge frequently tried in the same manner while cooling, 
a thermometer being dipt every now and then into the mercury m 
FOMN to find its heat. 

367] As it was apprehended that the electricity might spread 
further on the surface of the glass while hot than while cold*' a 
paper coating DEbd was fastened on the tube, s6 that as the out- 
side coating was made to extend as far as Dd, that is three or four 
inches above the mercury in FGMN^ where the tube was very 
little heated, and as the inside coating reached still higher, that is 
to the bottom of the upper ball, no sensible error could proceed 
from thence. 

The use of the upper ball was to prevent the mercury within 
the tube from overflowing when hot. 

By a mean between the experiments made while the 
ball was heating and while cooling, its charge ^answering to the 
different de^jrees of heat was as follows. I 


Heat. 

Cliarge. 

Difference 
of heat. 

Difference 
of charge. 

55 

157 

222 

295 

305 

100 

104 

116 ' 
186 

141 

102 

65 

73 

10 

4 

12 

20 

5 


369] At 295® the electricity passed through the glass pretty 
freely, but at 305® much faster. It appears, therefore, that the 
charge of glass is considerably greater when heated to such a 
degree as to suffer the electricity to pass through than when cold, 
but that its charge does not begin to be sensibly increased till it 
is heated to a considerable degree*. 

370] On the charges of plates of several different sorts of 
glass, and also of Opiates of some other substances which do not 
conduct electricity, char^ed^ in the manner of Leyden vials. 


[Note 26.] 
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The result of the experiments I made on this subject is con- 
tained in the two following tables: — 


Table of Glass Plates*. 
V 



Thick- 

ness. 

Dia- 

meter. 

Ditto 

cor- 

rected. 

Com- 

puted 

charge. 

Observed 

charge. 

Observed 
charge 
by com- 
puted 
charge. 

Specific 

gravity. 

* 

Flint glass ground flat 

•2115 

2-23 

2*37 

3*32 

26*3 

V 7-98 

3*279 

Ditto a thinner piece 

•104 

2*215 

2-385 

6*84 

52-3 

7*65 

3-284 

Plate glass P 

•127 

2*85 

3*02 

8*98 

71*9 

8-01 

2-752 

W 

•172 

3*435 

3*685 

9*34 

74*8 

8-01 

2-787 

G 

•1848 

3*575 

3*725 

9*38 

75*5 

8-05 

2*973 

N 

•106 

212 

2*29 

6*18 

51*4 

8-31 

2*682 

0 

•106 

2*505 

2*675 

8*44 

75 

8*89 

2*514 

Q 

•076 

2*065 

2*245 

8*29 

76*5 

9*23 

2*504 

Crown glass 

•0682 

3*495 

3*675 

24*76 

211*3 

8*54 

2-537 

Ditto another piece 

•0659 

3*43 

3*61 

24*72 

208*7 

8*44 

2-532 

Crown glass ground 

•07 

2*035 

2-215 

8*76 

76*5 

8*73 

( o.r,oK 

Part of same piece 

•0693 

3*54 

3*72 

24*96 

215-1 

8*62 

> A uOaJ 

Mean of the 10 pieces used in former experiments 


8*22 

2-678 


371] Plates of other substances*f*. 



Thickness. 

Diameter. 

Com- 

puted 

charge. 

Observed 

Gum Lac 

(2 

Mixture of rosin 1^^ 

and bees wax. Plate 

V5 

(1 

DeplUegmated bees wax. Plato < 2 

(3 

Plain bees wax 

•125 

•4845 

•192 

•103 

•103 

•103 

•303 

•120 

•063 

•119 

4*23 

3*75 

3*355 

4*247 

4*525 

1*79 

3*78 

3*525 

2*74 

3*475 

17*89 

3-63 

7*22 

21*89 

24*85 

3*89 

5*90 

12*95 

14*90 

12*69 

80 

13*5 

25*2 

69 

78*9 

13 

24*5 

46-1 

50*5 

51*3 

4.47 

3-72 

3*49 

3*15 

3- 18 
3*34 
4*16 
3*56 
8-39 

4- 04 ^ 


372] The coatings of all these plates were circular. ^ 

In computing the charge of the glass plates, the diameter of 
the coating was corrected on account of the spreading of the elect 
tricity as in the fourth column, the electricity being supposed to 
sprearl *07 of an inch if the thickness is *21 and *09 if the thickness 
is *08, and so on in proportion in other thicknesses. But no cor- 
rection is made in computing the charges of the other plates, as I 
was uncertain how much to allow. 


[See Art. 673.] 


t [See Art. 674.] 
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373] The method I used in making all the plates of tho 
s^ond table was this. I first cast a round plate of the substance, 
three or four times as thick as I intended it should be, and rather 
thither near the edges than in the middle, Ihking care to cast it 
as free from air bubbles as I could. 

I then heated it between two thick flat plates of brass, till it 
was become soft, and then pressed it out to the proper thickness 
by squeqzing the plates togcither with screws* In order to pre- 
vent its sticking to the brass plates, I put a piece of thin tinfoil 
between it and each plate, and 1 found the tinfoil did not stick 
to it so fast but what I could get it off without any danger of 
damaging them. 

37-4] The heat necessary to melt shell lac is so great as to 
make it froth and boil; which makes it impossible to cast a plate 
of it free from air bubbles. The plate mentioned in the preceding 
table was as free from them as I could make it. It contained, 
however, a great quantity of minute bubbles, but no large ones. 

375] Bees wax melts with a heat of about 145^ If it is then 
heated to a degree rather greater than that of boiling water, it 
froths very much, and seems to lose a good deal of watery matter, 
and if it is kept at this heat till it has ceased frothing, it will then 
bear being heated to a much higher degree without frothing or 
boiling. Bees wax thus prepared I call dephlegmated. 

In order that the plates of dephlegmated bees wax should all 
be equally so, I dephlegmated some bees wax with a pretty con- 
siderable heat, and suftered it to cool and harden, and out of this 
lump I made all throe plates, taking care in casting them not to 
heat them more than necessary. 

I used the same precautions also in casting the plates of a 
mixture of rosin and bees wax, the proportion of the rosin to the 
,^bees wax was forgot to be set down. 

What are called in the table tho 4th and 5th plate of rosin and 
bees wax are in reality the same plate as the 3rd, only with a 
smaller coating. 

O 

376] It appears from these experiments, first, that there is 
a very sensible difference in the charge of plates of the same 

*.[Art. 5J4.] 
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dimensions according to the different sort of glass they consist of, 
the charge of the plates 0 and Q, which consisted of the greenish 
foreign plate glass mentioned in [Art. Sdl] being the greatest in 
proportion to their c^)mputed' charge of any, next to them the 
crown glass, and the flint glass being the least of all. 

' Secondly. The charge of the Lac plate; is much less in propor- 
tion to its computed charge than that of any glass' plate, and that 
of a plate of bees wax, or of the mixture of rosin and bees wax 
still less. 

But it must be observed that there is a very considerable 
difference between the three different plates of dephlcgmated’ bees 
wax in that respect. The same thing, too, obtains in the mixture 
of rosin and bees wax*. " 

377] As the proportion of the real charge to the computed is 
greater in the thick plates than the thin ones, one might be 
inclined to think that this was owing to the electricity being not 
spread uniformly. But as the difference seems to bo greater than 
could well proceed from that cause, I am inclined to think that it 
must have been partly owing to some difference in the nature of 
the plates. Perhaps it may have been owing to some of the 
plates having been less heated, and conserpiently having suffered 
a greater degree of compression in pressing out than the others. 

378] The piece of ground crown glass mentioned in the first 
of the foregoing tables was made out of a piece of crown glass 
abt)ut of an inch thick, find ground down to the thickness men- 
tioned in the table, care being taken by the workman to take 
away as much from one side as the otlier, so that the plate con- 
sisted only of the middle part of the glass. 

My reason for making it was that as there appears to be a 
considerable difference in the charge of different sorts of glass, it 
was suspected that there might possibly be a difference between 
the inside of the piece and the outside, and if there had, it would 
have affected the justness of the experiments with the ten pieces 
of glass ground out of the same piece. 

But by comparing the charges of the plates of crown glass 
with those of the two other pieces of crown glass in the table, 
* [Note 27.] 

t There are pieces of that thickness sometimes blown for the use of the 
Opticians. 



COMPOUND PLATE. 


185 


380] 


there does not seem to be any difference which can be depended 
on with certainty. ’ 

The experiment indeed would* have beeA more satisfactory if 
the piece of ground- glas^ and the pieces with which it w^as com- 
pared had beeii all made out of the same pot. But as it woijld 
have been difficult procuring such pieces, and as I have found 
very little difference in the specific gravity of different pieces of 
crown glass, and as I am informed it is all made at the same glass 
house, I did not take that precaution. 


Fif?. 29. 

B C D 


-E. 


379] Let two* or more flat plates of different non-conducting 
substances, as Aahli, BhcG and CedD, (Fig. 

‘29) be placed close together and coated in 
the manner of a single plate with the coat- 
ings Ee and Ff, Let the charge of the plate 
AabB, supposing it placed by itself and coat- 
ed in the usual manner, be ecpial to that of a 
plate of glass whoso thickness is A and whose 
coatings are of the same size as those of 
AahB. 

In like manner let the charge of Z?6cGbe 
0 (pial to that of a plate of the same glass 
whose thickness is equal to B^ and let that 
of CedD equal that of one whose thickness 
is (7. 


TLcn whichever of the three ways of ac- 
counting for the excess of the real charge of glass plates above the 
computed we prefer, it is a necessary consecpience of our theory 
that the charge of this compound plate AadD should be equal to 
that of a single plate of glass whose thickness equals -^1 + jB + (7, 
and whose coatings arc of the same size as Ee and Ff, 


380] In like manner if two or more plates of the same kind 
of glass arc placed together and coated as above, the charge of this 
compound plate should be equal to that of a single plate of the 
same glass whose thickness is equal to that of all the plates to- 
gether. This appears from the following experiments to be the 
case, for 
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1st. I took the three plates of glass A, B and G*, and laid 
them on one another, having first taken off. their old cojitings and 
coated the outside surfaces as in fig. 29 with circles of tinfoil G*C 
inches in diameter. KThe charge of this compound plate was found 
to be to tliat of the three plates i), E and F together as ’944 to 1. 
The sum of the thicknesses of B and G together is *6309, and 
the computed charge of a plate of that thickness with coatings 6*6 
in. diameter is to that of 7), E and F together, allowing in the 
same manner as in [Art. 328] for the instantaneous spreading of 
the electricity, as ‘94 to one. So that the charge of this com- 
pound plate is exactly the same that it ought to be according to 
the foregoing rule. 

381] 2ndly, I made a plate of a mixture of rosin and bees 
wax.;|“, about 8 inches square and somewhat more than ’12 thick, and 
coated it with circles ()‘61 in. diameter. Its charge was found to 
be to that of the plates D and E together as 50 to 55, and 
therefore should be equal to that of a plate of glass of the same 
kind as K whose thickness is '345 and the diameter of whose coat- 
ings is the same as those of the rosin plate, namely 0*01 inches. 

This plate was then inclosed between the glass plates B and 
HX, the coatings being first taken otr, and the outside surfaces of 
B and H coated with circles O’G inches in diameter. Its charge 
was found to be to that of K as 7*5G to 8. 

According to the foregoing rule, its charge should bo the same 
as that of a plate of glass of the same kind as B *634 of an inch 
thick with coatings G‘G inches in diameter, and should therefore 
be to that of K as 7’34 to 8, which is very nearly the same that it 
was actually found to be. 

382] On the charges of such Leyden vials as do not consist of 
flat plates of glass. 

These experiments were made with hollow cylindrical pieces of 
glass, open at both ends, and coated both within and without with 
pieces of tinfoil surrounding the cylinder in the form of a ring, the 
breadth of the ring being everywhere the same, and the inside and 
outside coatings being of the same breadth, and placed exactly 
opposite to each other. Only as the inside diameter of the two 

• [Arts. 534, 644, 546, G77..] 

+ [Arts. 552, 679.] 


+ [Arts. 648, 678.] 



384] 


COATED CYLINDERS. 


187 


thermometer tubes was too small to admit of being coated in this 
manner, they were filled with mercury by way of inside coating. 

The thickness of the glass was found by^suspending the cylin- 
der by one end from a pair of scales witli its axis in a vertical 
position, and the lower part immersed in a vessel of water, and 
finding the alteration of the weight of the cylinder according as a 
greater or less portion of it was under water*. 

383] The result of the experiments is contained in the fol- 
lowing table 



Moan 

thick- 

ness. 

Mean 

outside 

s<!nii-dia- 

meter. 

Length 

coating. 

Com- 

puteil 

charge. 

Observed 

charge. 

OhsCHTll 
charge 
by com- 
puted. 

8-35 

7-16 

7- 31 
7-26 
9*77 

0 

8- 65 

Specific 

gravity. 

Oiitsirle 
diameter 
by thick- 
ness. 

Part of a jar of flint) 
glass ) 

A cylinder of ditto 
Tlicrraonietor tube T. 

” ” n 

Cylinders of green 
bottle glass 

•084 

•0704 

•094 

•180 

•015 

•061) 

•078 

i-02 

•615 

•14 

•16 

•50 

•58 

•48 

4-4 

9-86 ' 
11 

15*5 

7- 16 

8- 55 

7 

85*9 

87-1 

11-0 

11-1 

77*2 

76*6 

40-8 

717 

650 

80*2 

80-7 

754 

690 

353 

3-254 

3-281 

3-098 

3-213 

2*665 

2-064 

2'665 

19-3 

9-2 

1-5 

1-24 

11-3 

8-8 

6-2 


The lengths of the coating here set down are the real lengths. 
But in computing the charges of the white jar and cylinder and 
the three green cylinders, these lengths were increased on account 
of the spreading of the electricity according to the same supposi- 
tion as was used in computing the charges of the flat plates. 

But in computing the charges of the thermometer tubes no 
correction was made, as I was uncertain how much to allow, but as 
the length of their coatings is so great, this can hardly make any 
sensible error. 

384] It should seem from these experiments as if the propor- 
tion of the real to the computed charge was rather less in a 
cylinder in which the thickness of the glass is of tlic semidiame- 
tcr than in one in which it is only and most likely rather less 
in that than in a flat plate, but then it seems to be not much less 
in a cylinder in which the inside diameter is many times less than 


[Art. 594.] 


t [See Art. 670, and Note 28.] 
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the outside, that is, in which the thickness of the glass is almost 
equal to the outside semidiameter, than it is in the first mentioned 
cylinder. 

Nothing certain, however, can be inferred as to this point, as in 
all probability the four pieces of Hint glass used in these experi- 
ments and the two flat pieces used in [Art. 870] did not consist 
exactly of the same kind of glass, as indeed appears from their 
specific gravities. 

385] The three green cylinders, indeed, were all made at the 
same time and out of the same pot, so that it seems difficult to 
suppose that there should be any difference of that kind between 
them*. But then I had no flat jdates to compare them with. 

On the whole, I think we may with tolerable certainty infer 
that the ratio of the real to the computed charge is not very 
different from what it is in flat plates, whatever is the proportion 
which the thickness of the glass bears to the diameter of the cylin- 
der, though it seems to be not exactly the same. 

* Though it seems not likely that there should bo any diJTeronce in the nature 
of the glass of which the three gi’cen cylinders consisted, yet T am not sure that 
there was not, for the inside of the glass, that is, tliat part which was nearest to the 
inside surface, was manifestly more opaque and of a different colour from the 
outside, and the separation between these two sorts of glass appeared well defined, 
so that the cylinder seemed to consist of two different coats of glass lying one over 
the other. The distinction was the most visible in those cylinders which consisted 
of the thickest glass and in the thickest part of those cylinders. Tho specific 
gravities, how’ever, do not indicate any difference in the nature of tho glass. What 
was tho reason of the above-mentioned appearance I cannot tell. 



WHETHER THE FORCE WITH WHICH TWO BODIES 
REPEL IS AS THE SQUARE OF THE REDUNDANT 
FLUID, TRIED BY STRAW ELECTROMETERS*. 


386] If two bodies, A aud B, placed near to each other, are 
both connected to the same overcharged Leyden jar, and the force 
with which this jar is electrified is varied, everything else remain- 
ing unaltered, the force with which yl and B repel each other 
ought by the theory to be as the S(jirare of the quantity of redund- 
ant fluid in the jar, supposing the distance of the bodies A and B 
to remain unaltered. For the quantity of redundant fluid in A is 
directly as the quantity of redundant fluid in the jar, and there- 
fore the force with which each particle of redundant fluid in B is 
repelled by A is also directly as the (piantity of redundant fluid in 
the jar, and tlierefore as the number of particles of redundant fluid 
in B is also as tlie (piantity of redundant fluid in the jar, the force 
with which B is repelled by A is as the scpiare of the (quantity of 
redundant fluid in the jar. 

387] In order to try whether this \vas the case, I made use of 
the following appnratus-f*. 

CD (Fig. 31) is a wooden I’od 43 inches long, covered with 
tinfoil and supported horizontally by non-conductors. At the end 


Fig. 31. 



* [Title sui)2)lic(l from CuvcikHsIics Index to hin experiments, Ait. 503.] 
t [Arts. 503, 567, also Art. 525.] 
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C is suspended, as in the figure, the electrometer described in 
Art. 249, and at the other end D is suspended a similar electro- 
meter, only the strawy reached to the bottom of the cork balls A 
and B, but not beyond them, and were left open so as to put in 
pieces of wire, and thereby increase their weight and the force with 
which they endeavoured to close. The lower ends of these wires 
when used were just even with the bottom of the cork balls, and 
were kept in that situation by wax, the wax being cut off even 
wdtli the bottom of the corks, so as to leave no roughnesses to 
carry off the electricity. In like manner, whan the wires were 
not used, the ends of the straws were closed up with wax. 


388] The proportion which the force with which the balls of 
this electrometer endeavoured to close when the wires were in- 
serted bore to that with which they endeavoured to close without 

(A 


the wires was thus found. The weight of the straw 


B 


with its 


ball and centre pin but without its wire was found to be 


7*6 

005 


grains, and the distance of its center of gi'avity from the center of 


suspension was 


( 5-36 

(5*285 


inches, as was found by balancing it on the 


edge of a knife. Consequently the force with wdiich this straw 
when put in its place, endeavours to descend towards the perpen- 
dicular, supposing it to be removed to a given distance from it, was 
{7-G x5*3() 

^ \G'Go X 5*285 * 


The weight of the wire inserted was grains, and half its 

fl*23 

length was j ^ inches, so that as the distance of the bottom of 

.the cork balls from the center of suspension was 11*1 inches, the 
distance of its center of gravity from the center of suspension was 
9*87 

^ inches, and therefore the excess of the force with which the 

ball endeavours to descend towards the perpendicular when the 
wire is inserted above that with which it endeavours to descend 
without [the wire] is to the force with which it endeavours to 

descend without the wire as 


12*03 X 9*87 
10 X 10*1 


to 


f7-6 x5*3G 
10*05x 5*285’ 


or as 
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2*92 

2-88 


to one. Therefore the force with which the electrometer 


eruleavours to close when the wires are insyted is to that, with 
which it endeavours to dose without the wires as 3*9 to 1. 

389] E and F are two coated Leyden vials, nearly of tlie same 
size. The outside coatings of both communicate with the ground, 
and tlic inside coating of E communicates with CJ), but not that 
ofF, 

390] The way in which I tried the experiment was as follows. 
I first compared the electrometer C with the electrometer ]) with- 
out the wires, and found that when the jar E was electrified to 

fl3 

such a degree as to make D separate divisions, (7 separated 




^,^‘1 divisions, so that the same degree of electrification which 
made C separate divisions made I) separate divisions. 

I then put the wires into the electrometer 7>, and put the 
larger of the two vials in the place of E, and electrified E and 
consequently the rod CD and the two electrometers till D sepa- 
rated divisions. 

The wire by w^hich E was electrified was then immediately 
taken .away and a communication made betwx‘cn E and F, so th<at 
the redundant fluid in E and CD .and the electrometers was com- 
municated to F. 

fl5| 

It was found that the electrometer G then separated 
divisions. 

The experiment was then repeated in the same manner, ex- 
cept that the smaller vial was placed at E, It was found that if 

E was electrified till D separated j divisions, then on making a 

^ " fl^U • • • 

communication between E and Fy C separated divisions. 

391] From hence we may conclude that if the vials had been 

fl3 

exactly equal and E had been electrified till D separated -j 
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divisions, then on making a communication between E and C 

would have separated 

But it appears from the first mentioned part of the experiment, 
that the same degree of electrification which makes C separate 
141 

divisions is sufficient to make D without the wires separate 


fl^i 

13i- 


di visions. 


13 . . . 

. divisions. FroiU whence it appears that if the jars are exactly 

equal, and one of them is electrified till the electrometer D with 
(13 . . . 

the wires separates - divisions, and its electricity is then com- 
municated to the other vial, the electricity will be of that degree 
of strength wdiich is necessary to make the same electrometer 

fl*> 

without the wires separate divisions, that is, very nearly the 

same as before, or as it did with the wire before the communica- 
tion of the electricity. 


But if the vials are equal, the quantity of redundant fluid in 
the first vial, after its electricity is communicated to the second, 
will be very little more than half of what it was before the com- 
municfition, for the quantity of redundant fluid in the rod ])(} 
and the electrometers is trifling in comparison of that in the vial*, 
and consequently it appears that the distance to which the electro- 
meter with the wires in it separates with a given quantity of 
redundant fluid in the vial is very nearly the same as that to 
Avhich it separates without the wires when there is only half that 
quantity of redundant fluid in the vial. 


Therefore as the fv)rce with which the electrometer endeavours 
to close by its weight when the wires are in is to that with which 
it endeavours to close without the wires as 3 9 to 1, it appears 
tliat the force with which the balls of the electrometer are repelled 
with a given quantity of redundant fluid in the vial, is to that 
with which they are repelled wlien there is only half that cpiantity 
of redundant fluid in the vial as 3*9 to 1 (supposing the distance 


* [In a sentence which Cavendisli has scored out in his MS. wo read — ] 

The charf'c of the two vials to^etlicr was found to be 2168 inches. The diameter 
of the rod CD was at a medium about ^ of an inch. [This would make the com- 
ruted charge of the rod 9*7 inches-. — En.] 
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of the balls to be the same in both cases), that is, very nearly as 
the square of the quantity of redundant fluid in the vial, the 
difference being not more than what mighj very easily be owing 
to the eiTor of the experiment. So that the experiment agrees 
very well with the theory. 

302] It was found that if the comniunication was made be- 
tween the two vials by a piece of metal, the electricity was dimi- 
nished so suddenly as to set the straws a vibrating, and it was 
some time before they stopt, for which reason the communication 
was made by a piece of moist wood, which, though it communicates 
the electricity of one vial to the other very quickly, did not do it 
so instantaneously as to make the straws vibrate much. 

393] The electricity of the vial was found to W'aste very 
slowly, so that it could not be sensibly diminished during the 
small time spent in communicating the electricity from one vial 
to the other and reading off the divisions, so that no sensible 
error could proceed from that cause. 

394] I tried the experiment before in the same manner, and 
with the same electrometers, except that the straws were not 
gilt, but only moistened with salt. It then seemed as if the 
force with which tlie balls of the electrometer were repelled with 
a given quantity of redundant fluid in the vial was to that with 
which they were repelled with only half that quantity in the 
vial as 4 to §. 

As I suspected that this small difference from the theory was 
owing to the straws not conducting sufficiently readily, I gilt the 
straws, when, as was before shewn, the experiment agreed very 
well with theory. 

It must be observed that if the straws do not conduct suffi- 
ciently readily, the balls of the electrometer will not be so 
strongly electrified and will not separate so much as they ought 
to do, and in all probability the difference will be greater in the 
stronger degree of electricity, in which the electricity wastes much 
faster, than it is in the weaker, and will therefore diminish the 
degi'ee of separation more in the stronger degree of electricity than 
in the weaker, and will therefore make the force with which the 
balls repel with the stronger degree of electricity appear to be less 
in proportion to that with which they repel with the weaker 
degree than it ought to be. 

M. 
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AN ACCOUNT OF SOME ATTEMPTS TO IMITATE 
THE EFFECTS OF THE TORPEDO BY ELECTRI- 
CITY. BY THE HON. HENRY CAVENDISH, F.R.S.* 


395] Although the proofs brought by Mr Walshf, that the 
phenomena of the torpedo are produced by electricity, are such 
as leave little room for doubt ; yet it must be confessed, that there 
are some circumstances, which at first sight seem scarcely to be 
reconciled with this supposition. I propose, therefore, to examine 
whether these circumstances are really incompatible with such an 
opinion ; and to give an account of some attempts to imitate the 
effects of this animal by electricity. 

396] It appears from Mr Walsh's experiments, that the tor- 
pedo is not constantly electrical, but hath a power of throwing 
at pleasure a great quantity of electric fluid from one surface of 
those parts which he calls the electrical organs to the other ; that 
is, from the upper surface to the lower, or from the lower to the 
upper, the experiments do not determine which ; by which means 
a shock is produced in the body of a person who makes any part 
of the circuit which the fluid takes in its motion to restore the 
equilibrium. 

39*/] One of the principal difficulties attending the suppo- 
sition, that these phenomena are produced by electricity, is, that 
a shock may be perceived when the fish is held under water ; and 

* From the Philosophical Transactions for 1776, Vol. lxvi. Part i. pp. 196 — 226. 
Read Jan. 18, 1775. 

t [Philosophical Transactions, 1773, pp. 461 — 477. Of the Electric Property of 
the Torpedo. In a letter from John Walsh, Esq., F.B.S., to Benjamin Franklin, 
Esq., LL.D., F.R.S., Ac. Read Jtlly 1, 1773.] 
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in other circumstances, where the electric fluid hath a much 
readier passage than through the person s body. To explain this, 
it must be considered, that when a jar is Jblectrified, and any 
niinibcr of different circuits are made between its positive and 
negative side, some electricity will necessarily pass along each ; 
but a greater quantity will pass through those in Which it meets 
with less resistance, than those in which it meets with more. 
For instance, let a person take some yards of very fine wire, 
holding one end in each hand, and let him discharge the jar by 
touching the outside with one end of the wire, and the inside 
with the other; he will feel a shock, provided the jar is charged 
high enough ; but less than if he had discharged it without 
holding the wire in his hands ; which shews, that part of the 
electricity passes through his body, and part through the wire. 
Some electricians indeed seem to have suj)posed that the electric 
fluid passes only along the shortest and readiest circuit; but 
besides that such a supposition would be quite contrary to what 
is observed in all other fluids, it does not agree with experience. 
What seems to have led to this mistake is, tliat in discharging 
a jar by a wire held in both hands, as in the above-mentioned 
experiment, the person will feel no shock, unless either the wire 
is very long and slender, or the jar is very large and highly 
charged. Tlie reason of which is, that metals conduct surpris- 
ingly better than the human body, or any other substance I am 
acquainted with ; and consequently, unless the wire is very long 
and slender, the quantity of electricity which will pass through 
the person’s body will bear so small a proportion to the whole, 
as not to give any sensible shock, unless the jar is very large and 
highly charged. 

398] It appears from some experiments*, of which I propose 
shortly to lay an account before this Society, that iron wire con- 
ducts about 400 million times better than rain or distilled water ; 
tliat is, the electricity meets with no more resistance in passing 
through a piece of iron wire 400,000,000 inches long, than through 
a column of water of the same diameter only one inch long. 
Sea water, or a solution of one part of salt in 30 of water, conducts 
100 times, and a saturated solution of sea salt about 720 times 
better than rain water. 

♦ [Arts. 676, 577, 684, 687.] 
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399] To apply what hath been here said to the torpedo; 
suppose the fish by any means to convey in an instant a quantity 
of electricity tliroufch its electric organs, from the lower surface 
to the upper, so as to make the upper surface contain more than 
its natural quantity, and the lower less; this fluid will imme- 
diately flow back in all directions, part over the moist surface, 
and part through the substance of its body, supposing it to conduct 
electricity, as in all probability it does, till the equilibrium is 
restored: and if any person hath at the time one hand on the 
lower surface of the electric organs, and the other on the upper, 
part of the fluid will pass through his body. Moreover, if he 
hath one hand on one surface of an electric organ, and another 
on any other part of its body, for instance the tail, still some part 
of the fluid v/ill pass through him, though much less than in the 
former case ; for as part of the fluid, in its way from the upper 
surface of the organ to the lower, will go through the tail, some 
of that part will pass through the person's body. Some fluid also 
will pass through him, even though he does not touch either 
electric organ, but hath his hands on any two parts of the fishes 
body whatever, provided one of those parts is nearer to the upper 
surface of the electric organs than the other. 

400] On the same principle, if the torpedo is immersed in 
water, the fluid will pass througli the water in all directions, and 
that even to great distances from its body, as is represented in 
Fig. 1, where the full lines represent the section of its body, and 


1 , 



the dotted lines the direction of the electric fluid ; but it must 
be observed, that the nearer any part of the water is to the 
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fishes body, the greater quantity of fluid will pass through it 
Moreover, if any person touches the fish in this situation, either 
with one hand on tlie upper surface of an| electric organ, and 
the other on the lower, or in any other of those manners in 
which I supposed it to be touched when out of the water, some 
fluid will pass through his body; but evidently less than when 
the animal is held in the air, as a great proportion of the fluid 
will pass through the water: and even some fluid will pass through 
him, though he does not touch the fish at all ; but only holds 
his hands in the water, provided one hand is nearer to the upper 
surface of the electric organs than the other. 

401] The second difficulty is, that no one hath ever per- 
ceived the shock to be accompanied with any spark or light, 
or with the least degree of attraction or repulsion. With regard 
to tliis, it must be observed, that when a person receives a shock 
from the torpedo, he must have formed the circuit between its 
upper and lower surface before it begins to throw the electricity 
from one side to the other ; for otherwise the fluid would be dis- 
charged over the surface of the fishes body before the circuit was 
completed, and consequently the person would receive no shock. 
The only way, therefore, by which any light or spark could be 
perceived, must be by making some interruption in the circuit. 
Now Mr Walsh found, that the shock would never pass through 
the least sensible space of air, or even through a small brass chain. 
This circumstance, therefore, does not seem inconsistent with the 
supposition that the phenomena of the torpedo are owing to 
electricity; for a large battery will give a considerable shock, 
though so weakly charged that the electricity will hardly pass 
through any sensible space of air ; and the larger the battery is, 
the less will this space be. The principle on which this depends 
will apjjcar from the following experiments. 

402] I took several jars of different sizes, and connected 
them to the same prime conductor, and electrified them in a given 
degree, as shewn by a very exact electrometer; and then found 
how near the knobs of an instrument in the nature of Mr Lane’s 
electrometer must be approached, before the jars would discharge 
themselves. I then electrified the same jars again in the same 
degree as before, and separated all of them from the conductor 
except one. It was found, that the distance to which the knobs 
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must be approached to discharge this single jar was not sensibly 
less than the former. It was also found, that the divergence of 
the electrometer wa^ the same after the removal of the jars as 
before, provided it was placed at a considerable distance from 
them : from which last circumstance, I tbink wo may conclude, 
that the force with which the fluid endeavours to escape from the 
single jar is the same as from all the jars together*, 

403] It appears, therefore, that the distance to which the 
spark will fly is not sensibly affected by the number or size of the 
jars, but depends only on the force with which they are electrified ; 
that is, on the force with which the fluid endeavours to escape 
from them : consequently, a large jar, or a great number of jars, 
will give a greater shock than a small one, or a small number, 
electrified to such a degree, that the spark shall fly to the same 
distance ; for it is well known, that a large jar, or a great number 
of jars, will give a greater sliock than a small one, or a small 
number, electrified with the same force. 

404] In trying this experiment, the jars were charged very 
weakly, insomuch that the distance to which the spark would fly 
was not more than the 20th of an inch. The clectrometer“|- 1 used 
consisted of two straws, 10 inches long, hanging parallel to each 
other, and turning at one end on steel pins as centers, with cork 
balls about ^ of an inch in diameter fixed on the other end. The 
way by which I estimated the divergence of these balls, was by 
seeing whether they appeared to coincide with parallel lines placed 
behind them at .about 10 inches distance ; taking care to hold my 
eye always at the same distance from the balls, and not less than 
thirty inches off*. To make the straws conduct the better, they 
were gilded, which causes them to be mucli more regular in their 
effect. This electrometer is very accurate ; but can be used only 
when the electricity is very weak. It would be easy, however, 
to mjxke one on the same principle, which should be fit for mea- 
suring pretty strong electricity, 

405] The instrument by which I found to what distance the 
spark would fly is represented in Fig. 2 ; it differs from Mr Lane’s 
electrometer { no otherwise than in not being fixed to a jar, but 
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made so as to be held in the hand. The part ABGDEFQKLM 
Is of baked wood, the rest of brass ; the part QKL being covered 
with tinfoil communicating with the brass l^ork at FO ; and the 


Fig. 2. 



part ABM being also covered with a piece of tinfoil, communi- 
cating with the brass work at CD. 

406] I next took four jars, all of the same size ; electrified 
one of them to a given degree, as shewn by the electrometer ; and 
tried the strength of the shock which it gave ; ond found also 
to what distance the spark would fly. I then took two of the jars, 
electrified them in the same degree as before, and communicated 
their electricity to the two remaining. The shock of these four 
jars united, was rather greater than that of the single jar; but the 
distance to which the spark would fly was only half as great*. 

407] Hence it appears, that the spark from four jars, all of 
the same size, will not dart to quite half so great a distance as 
that from one of those jars electrified in such a degree as to give 
a shock of equal violence ; and consequently the distance to which 
the spark will fly is inversely in a rather greater proportion than 
the square root of the number of jars, supposing them to be 
electrified in such a degree that the shock shall be of a given 
strength. It must be observed, that in the last mentioned ex- 
periment, the quantity of electric fluid which passed through my 
body was twice as great in taking the shock of the four jars, as in 
taking that of the single one ; but the force with which it was 
impelled was evidently less, and I think we may conclude, was 
only half as great. If so, it appears that a given quantity of elec- 
tricity, impelled through our body with a given force, produces a 


[Arts. 573, 610, 613.] 
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rather less shock than twice that quantity, impelled with half that 
force ; and consequently, the strength of the shock depends rather 
more on the quantity^^of fluid which passes through our body, than 
on the force with which it is impelled. 

408] That no one could ever perceive the shock to bo ac- 
companied with any attraction or repulsion, does not seem extra- 
ordinary; for as the electricity of the torpedo is dissipated by 
escaping through or over the surface of its body, the instant it is 
produced, a pair of pith balls suspended from any thing in contact 
with the animal will not have time to separate, nor will a fine 
thread hung near its body have time to move towards it, before 
the electricity is dissipated. Accordingly I have been informed 
by Dr Priestley, that in discharging a battery he never could find 
a pair of pith balls suspended from the discharging rod to separate. 
But, besides, there are scarce any pith balls so fine, as to separate 
when suspended from a battery so weakly electrified that its shock 
will not pass through a chain, as is the case with that of the 
torpe(Io. 

409] In order to examine more accurately, how far the phe- 
nomena of the torpedo would agree with electricity, I endea- 
voured to imitate them by means of the following apparatus. 
ABCFODE, Fig. 3, is a piece of wood, the part ABODE of which 

Fig. 3. 


B 



is cut into the shape of the torpedo, and is IGf inches long from 
A to 2), and lOf broad from Bio E\ the part GFGD is 40 inches 
long, and serves by way of handle. MNmn is a glass tube let 
into a groove cut in the wood. Ww is a piece of wire passing 
through the glass tube, and soldered at Tf to a thin piece of 
pewter Rr lying flat on the wood, and intended to represent the 
upper surface of the electric organs. On the other side of the 
wood there is placed such another glass tube, not represented 
in the figure, with a wire passing through it, and soldered to 
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another piece of pewter of the same size and shape as Rr intended 
to represent the lower surface of those orgc-ins. The whole part 
ABODE covered with a piece of sheep’s ski|i leather. 

410] In making experiments with this instrument, or arti- 
ficial torpedo as I shall call it, after having kept it in water of 
about ihe same saltness as that of the sea, till thoroughly soaked, 
I fastened the end of one of the wires, that not represented in the 
drawing for example, to the negative side of a large battery, and 
when it was sufficiently charged, touched the positive side with 
the end of the wire IVw ; by which means the battery was dis- 
charged through the torpedo : for as the wires were inclosed in 
glass tubes, which extended about an inch beyond the end of the 
wood FG no electricity could pass from the positive side of the 
battery to the negative, except by flowing along the wire Wxo 
to the pewter jBr, and tlicnce either through the substance of the 
wood, or along the wet leather, to the opposite piece of pewter, 
and thence along the other wdre to the negative side. WJjen I 
would receive a shock myself, I employed an assistant to charge 
the battery, and when iny hands were in the proper position, to 
discharge it in the above mentioned manner by means of the wire 
Ww, In experiments with this torpedo under water, I made use 
of a wooden trough ; and as the strength of the shock may, 
perhaps, depend in some measure on the size of the trough, and 
on the manner in which the torpedo lies in it, I have, in Fig. 4, 


Fig. 4. 



given a vertical section of it; the torpedo being placed in the 
same situation as in the figure. ABODE is the trough; the 
length BO is 19 inches; the depth AB is 14; and the breadth 
is 13; consequently, as the torpedo is two inches thick in the 
thickest part, there is about o\ inches distance between its sides 
and those of the trough. 
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411] The battery was composed of 49 jars, of extremely thin 
glass, disposed in 7 rows, and so contrived that I could use any 
number of rows I ciose. The outsides of the jars were coated 
with tinfoil; but as it would have been very difficult to have 
coated the insides in that manner, they were filled with salt water. 
In a battery to answer the purpose for which this was intended, 
it is evidently necessary that the metals serving to make the com- 
munications between the different jars should be joined quite 
close : accordingly care was taken that the contacts should be 
made as perfect as possible, I find, by trial, that each row of 
the battery contains about 15 J times as much electricity, when 
both are connected to the same prime conductor, as a plate of 
crown glass, the area of whose coating is 100 square inches, and 
whose thickness is of an inch ; that is, such that one square 
foot of it shall weigh 10 oz. 12 dwts. ; and consequently, the whole 
battery contains about 110 times as much electricity as this 
plate*. 

412] The way by which this was determined, and which, I 
think, is one of the easiest methods of comparing the quantity of 
electricity which different batteries will receive with the same degree 
of electrification, was this : First of all, supposing a jar or battery 
to be electrified till the balls of the above-mentioned electrometer 
separated to a given distance, I found how much they would 
separate when the quantity of electricity in that jar or battery 
was reduced to one-half. To do this, I took two jars, as nearly 
equal as possible, and electrified one of them till the balls sepa- 
rated to a given degree, and then communicated its electricity 
to the other; and observed to wdiat distance the balls separated 
after this communication. It is plain, that if the jars were exactly 
equal, this would be the distance sought for ; as in that case the 
quantity of electricity in the first jar would be just half as much 
after the communication as before; but as I could not be sure 
that they were exactly equal, I repeated the experiment by 

* I find, by experiment, that the quantity of electricity which coated glass of 
different shapes and sizes will receive with the same degree of electrification, is 
directly as the area of the coating, and inversely as the thickness of the glass ; 
whence the proportion which the quantity of electricity in this battery bears to that 
in a glass or jar of any other size, may easily be computed. [See Art. 584. The 
charge of the first row of jars was *64588, and that of the whole battery about 
481000 inches of electricity.] 
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electrifying the second jar, communicating its electricity to the 
first, and observing how far the balls separated ; the mean between 
these two distances will evidently be the Hegree of separation 
sought, though the jars were not of the same size. Having found 
this, I electrified one row of the battery till the balls separated 
to the first distance, and repeatedly communicated its electricity 
to the plate of coated crown glass, taking care to discharge the 
plate each time before the communication w.as made, till it ap- 
peared by the electrometer, that the quantity of electricity in 
that row was reduced to one-half. I found it necessary to do tliis 
between 11 or 12 times, or llj times as I estimate it. Whence 
the quantity of electric fluid in the row may be thus determined. 

413] Let the quantity in the plate be to that in the row 
as X to 1 ; it is plain, that the electricity in the row will be 
diminished each time it is communicated to the plate, in the pro- 
portion of 1 to 1 + a?, and consequently after being communicated 
11^ times will be reduced in the proportion of 1 to (l+aj)^^^; 

_ j 

therefore, (1 2 ; and 1 4-a? = Whence the value of x 

may easily be found by logarithms. But tlio readiest way of com- 
puting it, and which is exact enough for the purpose, is this: 
multiply the number of times which you communicated the elec- 
tricity of the row to the plate, by 1,444 ; and from the product 

subtract the fraction J; the remainder is equal to or the 

X 

number of times by which the electricity in the row exceeds that 
in the plate *. 

414] The way by which T estimated the strength of the 
cliarge given to the battery, was taking a certain number of jars, 
and electrifying them till the balls of the electrometer separated 
to a given distance, and then communicating their electricity to 
the battery. This method proved very convenient; for by using 
always the same jars, I was sure to give always the same charge 
with great exactness ; and by varying the number and size of the 
jars, I could vary the charge at pleasure, and besides could esti- 
mate pretty nearly the proportion of the dilferent charges to each 
other. It was also the only convenient method whicli occurred 
to me ; for I could not have done it conveniently by charging the 

* [Arts. 441, 582.] 
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whole battery till an electrometer suspended from it separated 
to a given distance; because in most of the experiments the elec- 
tricity was so weak, Ctliat a pair of fine pith balls suspended from 
the batter}" would separate only to a very small distance; and 
counting the number of revolutions of the electrical machine is a 
very fallacious method. 

415] I found, upon trial*, that though a shock might be pro- 
cured from this artificial torpedo, while held under water, yet there 
was too great a disproportion between its strength, when received 
this w£iy, and in air ; for if I placed one hand on the upper, and 
the other on the lower surface of the electric organs, and gave such 
a charge to the battery, that the shock, when received in air, was 
as strong as, I believe, that of the real torpedo commonly is ; it 
W£is but just perceptible when received under water. By in- 
creasing the charge, indeed, it became considerable; but then 
this cliarge would have given a much greater shock out of water 
than the torpedo comrhonly does. The water used in tins experi- 
ment was of about the same degree of saltness as that of the sea ; 
that being the natural element of the torpedo, and what Mr Walsh 
made his experiments with. It was composed of one part of 
common salt dissolved in 30 of water, which is the proportion 
of salt usually said to be contained in sea water. It appeared 
also, on examination, to conduct electricity not sensibly better or 
worse than some sea water procured from a mineral water ware- 
house. It is remarkable, that if I used fresh water instead of 
salt, the shock seemed very little weaker, when received under 
water than out; which not only confirms what was before said, 
that salt water conducts much better than fresh ; but, I think, 
shews, that the human body is also a much better conductor than 
fresh water : for otherwise the shock must have been much weaker 
when received under fresh water than in air. 

416] As there appeared to be too great a disproportion be- 
tween the strength of the shock in water and in air, I made 
another torpedo "f*, exactly like the former, except that the part 
ABODE instead of wood was made of several pieces of thick 
leather, such as is used for the soles of shoes, fastened one over 
the other, and cut into the proper shape ; the pieces of pewter 


[Art. 596.] 
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being fixed on the surface of this, as they were on the wood, and 
the whole covered with sheep skin like the other. As the leather, 
when thoroughly soaked with salt water, would suffer the elec- 
tricity to pass through it very freely, I was in hopes that I should 
find less difference between the strength of the shock in water 
and out of it, with this than with the other. 


417] For suppose that in receiving the shock of the former 
torpedo under water, the quantity of electricity which passed 
through the wood and leather of the torpedo, througli my body, 
and through the water, were to each other as 1\ li, and IF*; the 
quantity of electricity which would pass through my body, when 
the shock was received under water, would be to that which 
would pass through it, when the shock was received out of water, 
S li 

as ^ IY case, the quantity which 

would pass through my body would be the part of 

the whole ; and in the latter the Suppose now, that 

the latter torpedo conducts N times better than the former ; and 
consequently, that in receiving its shock under water, the quantity 
of electricity which passes through the torpedo, through my body, 
and through the water, are to each other as N T, B, and W ; 
the quantity of electricity whicli will now pass through my body, 
when the shock is received under water, and out of water, will 

be to each other as quan- 

tities differ from each other in a less proportion than 
B 

and y i consequently, the readier the body of the torpedo 

conducts, the greater charge will it require to give the same shock, 
either in water or out of it; but the less will be the difibrenco 
between the strength of the two shocks. It should be observed, 
that this alteration, so far from making it less resembling the real 


torpedo, in all probability makes it more so ; for I see no reason 
to think, that the real torpedo is a worse conductor of electricity 
than other animal bodies ; and the human body is at least as good, 
if not a much better conductor than this new torpedo. 


[ArtH. 597, 598.] 
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418] The event answered my expectation; for it required 
about three times as great a charge of the battery, to give the 
same shock in air, with this neAV torpedo as with the former ; and 
tlie difference between its strength when received under water 
and out of it, was much less than before, and perhaps not greater 
than in the real torpedo. There is, however, a considerable dif- 
ference between the feel of it under water and in air. In air it 
is felt chiefly in the elbows ; whereas, under water, it is felt chiefly 
in the hands, and the sensation is sharper and more disagreeable. 
The same kind of shock, only weaker, was felt if, instead of touch- 
ing the sides, I held my hands under water at two or three inches 
distance from it. 

419] It is remarkable, that I felt a shock of the same kind, 
and nearly of the same strength, if I touched the torpedo under 
water with only one hand, as with both. Some gentlemen* who 
repeated the experiment with me thought it was rather stronger. 
This shews, that the shock under water is produced chiefly by the 
electricity running through one's hand from one part to the other ; 
and tliat but a small part jmsses through one’s body from one hand 
to the qther. The truth of this will appear with more certainty 
from the following circumstance ; namely, that if I held a piece 
of metal, a large spoon for instance, in each hand, and touched 
the torpedo with them instead of my hands, it gave me not the 
least shock when immersed in water ; though when held in air, 
it affected me as strongly if I touched it with the spoons as with 
my ‘hands. On increasing the charge, indeed, its effect became 
sensible : and as well as I could judge, the battery required to be 
charged about twelve times as high to give the same shock when 
the torpedo was touched with the spoons under water as out of it. 
It must be observed, that in trying this experiment, as my hands 
were out of water, I could be aftected only by that part of the 
fluid which passed through my body from one hand to the other. 

420] The following experiments were made with the torpedo 
in air. If I stood on an electric stool, and touched either surface 
of the electric organs with one hand only, I felt a shock in that 
hand ; but scarcely so strong as when touching it in the same 

* [See Art. 601, 27 May, 1775, Mr Ronayne, Mr Hunter, Dr Priestley, Mr 
Lane, Mr N[airne.”] 
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manner under water. If I laid a hand on one surface of the 
electric organs, and with the other touched the tail, I felt a shock ; 
but much weaker than when touching it iij the usual manner; 
that is, with one hand on the upper surface of those organs, and 
the other on the lower. If I laid a thumb on either surface of an 
electric organ, and a finger of the same hand on any part of the 
body, except on or very near the same surface of the organs, I 
felt a small shock. 

In all the foregoing experiments, the battery was charged 
to the same degree, except where the contrary is expressed : 
they all seem to agree very well with Mr Walsh’s experiments. 

421] Mr Walsh found, that if he inclosed a torpedo in a flat 
basket, open at the top, and immersed it in water to the depth 
of three inches, and while the animal was in that situation, 
touched its upper surface with an iron bolt held in one hand, 
while the other hand was dipped into the water at some distance, 
he felt a shock in both of them. I accordingly tried the same 
experiment with the artificial torpedo ; and if tlie battery was 
charged about six times as high as usual, received a small shock 
in each hand*. No sensible difference could be perceived in the 
strength, whether the torpedo was inclosed in the basket or not. 
The trough in which this experiment was tried was 3G inches long, 
14 J- broad, and 16 deep ; and the distance of that hand which was 
immersed in the water from the electric organs of the torpedo, 
was about 14 inches. As it was found necessary to charge the 
battery so much higher than usual, in order to receive a shock, 
it follows, that unless the fish with which Mr Walsh tried this 
experiment were remarkably vigorous, there is still too great a 
disproportion between the strength of the shock of the artificial 
torpedo when received under water and out of it. If this is the 
case, the fault might evidently be remedied by making it of some 
substance which conducts electricity better than leather. 

422] When the torpedo happens to be left on shore by the 
retreat of the tide, it loosens the sands by flapping its fins, till 
its whole body, except the spiracles, is buried ; and it is said to 

* As well as I could judge, the battery required to be charged about 16 or 20 
times as high, to give a shock of the same strength when received this way as when 
received in the usual manner with the torpedo out of water. [Art. G15.] 
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happen sometimes, that a person accidentally treading on it in 
that situation, with naked feet, is thrown down by it. I there- 
fore filled a box, 32 inches long and 22 broad, with sand, thoroughly 
soaked with salt water, to the depth of four inches, and placed 
the torpedo in it, inti rely covered with the sand, except the upper 
part of its convex surface, and laid one hand on its electrical 
organs, and the other on the wet sand about 16 inches from it. 
I felt a shock, but rather weak ; and as well as I could judge, 
as strong as if the battery had been charged half as high, and the 
shock received in the usual way *, 

423] I next took two thick pieces of that sort of leather 
which is used for the soles of shoes, about the size of the palm 
of my hand; and having previously prepared them by steeping 
in salt water for a week, and then pressing out as much of the 
water as would drain off easily, rejjeated the exjjerirnent with 
these leathers placed under my hands. The shock was weaker 
than before, and about as strong as if received in the usual way 
with the battery charged one-third part as high. As it would 
have been troublesome to have trod on the torpedo and sand, 
I chose this way of trying the experiment. The pieces of leather 
were intended to represent shoes, and in all probability the shoes 
of persons who walk much on the wet sand will conduct electricity 
as well as these leathers. I think it likely, therefore, that a person 
treading in this manner on a torpedo, even with shoes on, but 
more so without, may be thrown down, without any extraordinary 
exertion of the animars force, considering how much the effect 
of the shock would be aided by the s\irprisc. 

424] One of the fishermen that Mr Walsh employed assured 
him, that ho always knew when he had a torpedo in his net, 
by the shocks he received while the fish was at several feet dis- 
tance; in particular, he said, that in drawing in his nets with one 
of the largest in them, he received a shock when the fish was 
at twelve feet distance, and two or three more before he got it 
into his boat. His boat was afloat in the water, and he drew 
in the nets with both hands. It is likely, that the fisherman 
might magnify the distance; but, I 'think, he may so far be be- 
lieved, as that he felt the aliock before the torpedo was drawn out 

* [Art. 608 .] 
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of water. This is the most extraordinary instance I know of the 
power of the torpedo ; but I think seems not incompatible with the 
supposition of its being owing to electridty; for there can be 
little doubt, but that some electricity would pass through the 
net to the man’s hands, and from thence through his body and 
the bottom of the boat, which in all probability was thoroughly 
soaked with water, and perhaps leaky, to the water under the 
boat; the quantity of electric fluid, however, taking this circuit, 
would most likely bear so small a proportion to the whole, that 
this effect cannot be accounted for, without supposing the fish 
to exert at that time a surprizingly greater force than what it 
usually does. 

425] Hitherto, I think, the effects of this artificial torpedo 
agree very well with those of the natural one. I now proceed to 
consider the circumstance of the shock’s not being able to pass 
through any sensible space of air. In all my experiments on this 
head, I used the first torpedo, or that made of wood; for as it 
is not necessary to charge the battery more than one-third part 
as high to give the same shock with this as with the other, the ex- 
periments were more likely to succeed, and the conclusions to be 
drawn from them would be scarcely less convincing : for I find, 
that five or six rows of my battery will give as groat a shock with 
the leathern torpedo, as one row electrified to the same degree 
will with the wooden one ; consequently, if with the wooden 
torpedo and my whole battery, I can give a shock of a sufficient 
strength, which yet will not pass through a chain of a given number 
of links, there can be no doubt, but that, if my battery was five 
or six times as large, I should be able to do the same thing with 
the leathern torpedo. 

426] I covered a piece of sealing wax on one side with a slip 
of tinfoil, and holding it in one hand, touched an electrical organ 
of the torpedo with the end of it, while my other hand was ap- 
plied to the opposite surface of the same organ. The shock 
passed freely, being conducted by the tinfoil ; but if I made, with 
a penknife, as small a separation in the tinfoil as possible, so as 
to be sure that it was actually separated, the shock would not 
pass, conformably to what^^r Walsh observed of the torpedo. 

427] I tried the experiment in. the same manner with the 
Lane’s electrometer described in Art. 405, and found that the shock 

M. 14 
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would not pass, unless the knobs were brought so near together 
as to require the assistance of a magnifying glass to be sure that 
they did not touch, i 

428] I took a chain of small brass wire, and holding it in one 
hand, let the lowest link lie on the upper surface of an electric 
organ, while my other hand was applied to the opposite surface. 
The event was, that if the link, held in my hand, was the fifth 
or sixth from the bottom, and consequently, that the electricity 
had only four or five links to pass through besides that in my 
hand, I received a shock ; so that the electricity was able to force 
its way through four or five intervals of the link’s, but not more. 
One gentleman, indeed, found it not to pass through a single 
interval ; but in all probability the link which lay on the torpedo 
happened to bear more loosely than usual against that in his hattd. 
If instead of this chain I used one composed of thicker wire, the 
shock would pass through a great number of links ; but I did not 
count how many. It must be observed, that the principal re- 
sistance to the passage of the electrical fluid is formed by the 
intervals of the lower links of the chain ; for as the upper are 
stretched by a greater weight, and therefore pressed closer to- 
gether, they make less resistance. Consequently the force re- 
quired to make the shock pass through any number of intervals, 
is not twice as great as would be necessary to make it pass through 
half tlie number. For the same reason it passes easier through a 
chain consisting of heavy links than of light ones. 

429] Whenever the electricity passed through the chain, a 
small light was visible, provided the room was quite dark. This, 
however, affords no argument for supposing that the phenomena 
of the torpedo are not owing to electricity ; for its shock has never 
been known to pass through a chain or any other interruption in 
the circuit ; and consequently, it is impossible that any light should 
have been seen. 

430] In all these experiments, the battery was charged to 
the i^me degree ; namely, such that the shock was nearly of the 
same strength as that of the leathern torpedo, and which I am 
inclined to think, from my conversation with Mr Walsh, may be 
considered as about the medium strength of those of a real one 
of the same size as this. It was nearly equal to that of the plate 
of crown glass in Art. 411, electrified to such a degree as to dis- 
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charge itself when the knobs of a Lane’s electrometer were at 
,0115 inches distance; whence a person, used to electrical experi- 
ments, may ascertain its strength The wfty I tried it was by 
holding the Lane’s electrometer in one hand, with the end resting 
on the upper surface of the plate, and touching the lower surface 
with the other hand, while an assistant charged the plate by its 
upper side till it discharged itself through the electrometer and 
my body. There is, however, a very sensible difference between 
the sensation excited by a small jar or plate of glass like this, and 
by a large battery electrified so weakly that the shock shall bo 
of the same strength ; the former being sharper and more dis- 
agreeable. Mr Walsh took notice of this difference ; and said, 
that the .artificial torpedo produced just the same sensation as the 
realone. 

431] As it appeared, that a shock of this strength would 
pass through a few intervals of the links of the chain, I tried what 
a smaller would do. If the battery was charged only to a fourth 
or fifth part of its usual height, the shock would not pass through 
a single interval ; but then it was very weak, even when received 
through a piece of brass wire, without any link in it. This chain 
was quite clean and very little tarnished ; the lowest link was 
larger than the rest, and weighed about eight grains. If I used 
a chain of the same kind, the wire of which, though pretty clean, 
was grown brown by being exposed to the air, the shock would 
not pass through a single interval, with the battery charged to 
about one-third or one-half its usual strength. 

432] It appears, that in this respect the artificial torpedo 
does not completely imitate the effects of the real one, though 
it approaches near to it ; for the shock of the former, when not 
stronger than that of the latter frequently is, will pass through 
four or five intervals of the links of a chain ; whereas the real 
torpedo was never known to force his through a single interval. 
But, I think, this by no means shews, that the phenomena of the 
torpedo are not produced by electricity ; but only that the battery 
I used is not large enough. For we may safely conclude, from the 
experiments mentioned in Arts, 402, 406, 407, that the greater the 
battery is, the less space of air, or the fewer links of a chain, will 

* [Charge of plate = 4100 inches of electricity = 5207 centimetres capacity. 
Electromotive force =6'5. See note 10.] 


14—2 
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a shock of a given strength pass across. For greater certainty, 
however, I tried, whether if the whole battery and a single row 
of it were successively charged to such a degree, that the shock 
of each should be of the same strength Avhen received through 
the torpedo in the usual manner, that of the whole battery ■would 
be unable to pass through so many links of a chain as that of a 
single row*. In order to which I made the following machine*!*. 

433] GM^ Fig. 5, is a piece of dry wood ; Ff, Ee, Dd, Gc, 
lihj and A a, are pieces of brass wire flrstencd to it, and turned 





up at bottom into the form of a hook, on which is hung a 
small brass chain, as in the figure, so as to form five loops, each 
loop consisting of five links; the part G is covered with tinfoil, 
which is made to communicate with the wire Act. If I held this 
piece of wood in one hand, with my thumb on either of the wires 
jfjf, Ee^ &c. and applied the part G to one surfiice of an electric 
organ, while with a s 2 )oon, held in the other hand, I touched the 
opposite surface, I received a shock, provided the battery was 
charged high enough, the electricity passing through all that part 
of the chain between Aa, and my thumb; so that I could make 
the ^shock pass through more or fewer loops, according to which 
wire my thumb was placed on ; but if the charge was too weak 
to force a passage through the chain, I felt no shock, as the wood 
was too dry to convey any sensible quantity of electricity. The 
event of the experiment was, that if I charged the whole battery 
to such a degree that the shock would but just pass through two 
loops of the macliine, and then charged a single row to such a 
degree as appeared, on trial, just suflScient to give a shock of thb 
same strength as the former, it passed through all five loops; 
whether it would have passed through more I cannot tell. If, 
on the other hand, I gave such a charge to the whole battery, and 
also to the single row, as was just sufficient to force a passage 

* The battery, as was before said, was divided into seven rows, each of which 
conld be used separately. 

+ [Arts. 605, 607.] 
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through two loops of the chain, the shock with the whole battery 
was much stronger than that with the single row. 

434] It must be observed, that in tlfe foregoing machine, 
each loop consisted of the same number of links, and the links 
of each loop were stretched by the same weight; so that it re- 
quired no more force to impel the electricity through one loop 
than another, which was my reason for using this machine rather 
than a plain chain. Considerable irregularities occurred in trying 
the above experiments, and indeed all those with a cliain ; for it 
frequently happened, that the shock would not pass with the battery 
charged to a certain degree, when perhaps a minute after, it would 
pass with not more than three-fourths of the charge. The irregu- 
larity, however, was not so great but that, I think, I may bo 
certain of the truth of the foregoing facts ; especially as the ex- 
periments were repeated several times. The uncertainty was at 
least as great in the experiments with Lane’s electrometer, when 
the knobs were brought so close together, as is necessary in ex- 
periments of this kind. 

435] It appears therefore, that if the whole battery, and a 
single row of it, are both charged in such a degree as to give a shock 
of the same strengtli, the shock with the whole battery will pass 
through fewer loops of the chain than that with the single row ; so 
that, I think, there can be no doubt, but that if the battery had 
been large enough, I should have been able to give a shock of the 
usual strength, which yet would not have passed through a single 
interval of the links of a chain. 

436] On the whole, I think, there seems nothing in the 
phenomena of the torpedo at all incompatible with electricity; 
but to make a compleat imitation of them, would require a battery 
much larger than mine. It may be asked, where can such a 
battery be placed within the torpedo? I answer, perhaps it is 

'not necessary that there should be anything analogous to a battery 
within it. The case is this ; it appears, that the quantity of elec- 
tric fluid, transferred from one side of the torpedo to the other, 
must be extremely great ; for otherwise it could not give a shock, 
considering that the force with which it is impelled is so small 
as not to make it pass through any sensible space of air. Now 
if such a quantity of fluid was to be transferred at once from one 
side to the other, the force with which it would endeavour to 
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escape would be extremely great, and sufficient to make it dart 
through the air to a great distance, unless there was something 
within it analogous a very large battery. But if wc suppose, 
that the fluid is gradually transferred through the electrical organs, 
from one side to the other, at the same time that it is returning 
back over the surface, and through the substance, of the rest of 
the body; so that the quantity of fluid on either side is during 
the whole time very little greater or less than what is naturally 
contained in it; then it is possible, that a very great quantity 
of fluid may be transferred from one side to the other, and yet 
the force with which it is impelled be not sufficient to force it 
through a single interval of the links of a chain. There seems, 
however, to be room in the fish for a batteiy of a sufficient size ; 
for Mr Hunter * has shewn, that each of the prismatical columns 
of which the electrical organ is composed, is divided into a great 
number of partitions by fine membranes, the thickness of each 
partition being about the 150th part of an inch; but the thickness 
of the membranes which form them is, as he informs me, much 
less. The bulk of the two organs together in a fish lOJ inches 
broad, that is, of the same size as the artificial torpedos, seems 
to be about 24^ cubic inches ; and therefore the sum of the areas 
of all the partitions is about 3700 square inches. Now 3700 
square inches of coated glass of an inch thick will receive as 
much electricity as 30,500 square inches ,055 of an inch thickf; 
that is, 305 times as much as the plate of crown glass mentioned 
in Art. 411, or about 2J times as much as my battery, supposing 
both to be electrified by the same conductor; and if the glass 
is five times as thin, which perhaps is not thinner than the 
membranes which form the partitions, it will contain five times as 
much electricity, or near fourteen times as [much as] my battery. 

437] It was found, both by Dr Williamson { and by a com- 
mittee appointed by the Philosophical Society of Pensylvania,, 
that the shock of the Gymnotus would sometimes pass through a 
chain, though they never perceived any light. I therefore took 

* “Anatomical observations on tbo Torpedo.” By John Hunter, F.R.S. PhiU 
Tram, lxiii. (1773), p. 486. See Art. 614. 

t Vide note in p. 202. 

X “Experiments and Observations on the Gymnotus Electricus, or Electrical 
Eel.” By Hugh Williamson, M.D. . Communicated by John Walsh, Esq., F.B.S. 
Phil, Tram, lxv. (1776), p. 94. 
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the same chain which I used in the foregoing experiments, con- 
sisting of 25 links, and suspended it by its extremities from the ex- 
treme hooks of the machine described in Art# 433, and applying the 
end of the machine to the negative side of the battery, touched the 
positive side with a piece of metal held in the other hand, so as 
to receive the shock through the chain without its passing through 
the torpedo ; the battery being charged to such a degree that the 
shock was considerably stronger than what I usually felt in the 
foregoing experiments. I found that if the chain was not stretched 
by an additional weight, the shock did not pass at all : If it was 
stretched by hanging a weight of seven pennyweights to the 
middle link, it passed, and a light was visible between some of the 
links; but if fourteen pennyweights were hung on, the shock 
passed without my being able to perceive the least light, though 
tlie room was (juite dark; the experiment being tried at night, 
and the candle removed before the battery was discliarged*. It 
appears, therefore, that if in the experiments made by these 
gentlemen the shock never passed, except when the chain was 
somewhat tense, which in all probability was the case, the circum- 
stance of their not having perceived any light is by no means 
repugnant to the supposition that the shock is produced by 
electricity 


[Art. 613.] 


t [See note 29 and preface.] 
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438] East plate iieg[ativc] standing east and west. West plate 
positive] north and south. Eiast plate touched perpcnd[icularly] by 
wire near midd[le]. West wire bearing against noiiih side of west plate. 


East. 



12 


West. 

12 a small matter positive. 

10| nearly same perhaps rather less negative. 

10 a good deal more. 


East plate touclied flat near west side. 

12 10^ sepai{ated] very little, scarce enough to 

say whether positive or negative. 

10 J 12 I thought rather more pos. 


Position of cast and west 
as last time. 

10 ^ 12 

12 lOi 


439] 

West plate East plate 
positive. negative. 

lOJ 


plates reversed. Plates touched by wires 

Seemed to separate rather more than 
before positive, 
did but just separate. 


2nd Night. 

Both plates east and west, wires straight. 

Tin, pasteboard, and tin foil, each 12 
inches ; separated a little and equally 
negative. With paper of 12 inches, 
in one or two first trials it seemed to 
separate much the same. Afterwards 
it did not stjparate at all, owing, as 
was supposed, to its being too dry to 
conduct well, but after being moist- 
ened it seemed to separate like the 
rest. 


13.^ The same things being tried, the corks 

separated more than before and were 
positive, and I believe pretty equally. 


[Probably the first trials of the apparatus described in Art. 240J. 
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3rd Night. 

$ 

Separated visibly, 1 guess about 1 dia- 
meter. 

Seemed to separate rather less. 

Scarcely separated. 

Separated much the same as tin of 12. 


12 

lit 

10} 

H Nearly the same as in first experiment 
1 but of [the] 2 separated rather more. 

13} 

12 

Nearly the same as in first experiment. 


llj 

Seemed as if it was rather more. 



Sensibly more than with 12. 


From the two other nights* experiments it seemed as if the positive 
bottle electrified the plates sensibly stronger than the negative one : why 
there was not the same difference this night 1 cannot tell. 

Plates east and west. Wires straight. 

441] Two pair of large corks were made, each of which was found 
to separate with the same force. The weight of one pair of them was 
then made four times as great by the addition of lead to them. 

The quantity of electricity in 3rd mado vial was then compared 
by means of these corks with that of a glass plate with circular coating 
2*4 inches in diameter and about *06 thick, by touching the glass 8 or 9 
times the electricity was reduced from strength requisite to make heavy 
corks separate to that requisite to make light corks separate, or was 
reduced to therefore the vial should contain 12 times as much electri- 
city as the glass plate and wire by which communication was mado, 
which was about 12 inches long*. 

442] Three coated jdates were made 

CDF 

Thickness ... ... •06031 ’05908 *05914 inches. 

Diameter of coating ... 1'82 1*79 1*785 

Therefore square of diameter ) 
of coating by thickness, or >• 54*92 54*23 53*88 

computed power of plate ) 

Mean 54*34. (D is cased with cement.) 

A circular coating 5*39 inches diameter was made to thick jdate in 
place where its thickness seemed *178, therefore its comi)uted power is 
equal to the sum of foregoing three plates. The proportion of thickness 
to diameter is nearly the same. 

* [See Arts. 413, 582.] 
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Two sliding coated plates were made for trying the foregoing, the 
trial plates being electrified negatively, the others positively. 

Breadth of 
trial plate. 

C 12 sejmmtcd pos. 

i) - rather more. 

D 13 scarce at all. 

F 12 same as C. 

C 17 separate ncg. 

C 16 do. 

C 15 not at all. 

D 16 scarce sensibly. 

D 17 about as much as C at 16. 

F 17 about as much as C. 


Therefore F seems to contain about as much electricity as C, and D 
to contain about more. 

443] The three foregoing plates 

Large plate. No. 

placed close together 23 separated pos. 1 

placed as far asunder as possible 23 a trifle more 2 

The above mentioned large plate 23 rather less than No. 1 3 

[Ai-t. 442] 21 same as No. 1. 

20 same as No. 2. 

30 separated a very little neg. 

444] Three coated plates were made on thick plate each 1*8 inches 
diameter, the mean thickness of glass being supposed *18, therefore the 
computed power of all three together = 54. 

All 3 plates together 4 separated pos. 

5 did not separate. 

11 sep. neg. 

10 did not separate. 

Vith C 12 sep. neg. 

1 1 did not. 

4 sep. neg. 

5 did not. 

N.B. The breadth of the sliding plate is not known. 

445] Small sliding plate not drawn out 14 x 9 ’4. 

Largo 19 X 13. 

Globe hung on silk strings negative. 

Sliding plates on waxed glass positive. 


Globe — plate 19 x 13 

did not separate 

[Equivalent*.] 

15-7 

14 

doubtful 

16-3 

15 

separated pos. 

16-9 

16 

seemed rather more 17*4 

Globe — ^plate 14 x 10’4 

separated neg. 

12 

11-4 

doubtful 

12-6 

12-4 

did not separate 

13-2 


[This column gives the side of a square equivalent to the trial plate. See Art. 

466 .] 
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Pasteboard circle 19*4 inches diameter hung on silk strings. 

[Equivalent.] 


Circle — opiate 19 x 14 did not separate 16-3 

15 did rather doubtful 16*9 

16 did very little 17 ‘4 

17 did more 18* 

Circle— plate 14 X 12-7 did . 13*2 

1 3 ‘4 did rather doubtful 13*7 

14-4 did not 14'2'' 


With circle 1*8 inches diameter on glass *18 thick it separated a 
little negatively with plate 19 x 19, and would most likely not si^parate 
at 19x21 or 19x22 = 20 or 20^. Therefore quantity of electricity 
therein most likely is to that of globe as 20*2 to 12*4 or as 10 ; 6. 

446] Thickness of double plate of glass at centre of circle =■■ *285, 
Diameter of coating = 1*75. 

Being tried against small jilate not drawn out, separated considerably 
[)Ositive, therefore quantity of electricity therein might perhaps be to 
that in globe as 11 to 18, and therefore its actual power would bo to that 
of thick plate as 6*6 to 18. The computed power is to that of thick 
plate as 10*8 to 18. 

A coating 1 *45 inches diameter was made on thick plate where the 
thickness is supposed = *168, therefore computed power =12*5. This 
being tried against sliding plates was as follows: 


Small Iiarge 


sliding 

plate. 

Equivalent. 

sliding 

plate. 


E(xnivalcut, 

3 

13*2 separated ncgjitive 

2 

did not sep. 

1G» 

4 

13*7 separated 

3 

doubtful 

17-4 

5 

14*2 did not 

4 

separ. pos. 

18 


therefore quantity of electricity therein seems to be to that of globe as 
13*7 to 12*6, or 17*4 to 16*3, id est as 14 to 13, 

therefore actual power =11*6 

Jn thick plate 1*8 diam.,^^^'pP— - = 10 
^ thickness 

do. 1*45 8*1 

double plate 6*14 

Trials of Wires. 

447] Tno wires placed horizontally and parallel to each other, one 
end supported by silk, the other by waxed glass. 

The trial wire consisted of iron wires *14 tliick sliding on each other, 
supported in [the] same manner. 

* [Tho charges of the globe and the circle of 19*4 inches appear from these 
numbers to be as 28*9 : 30*7. The diameter of tho tin circle, 18*5, was probably 
calculated from these experiments so that its chai’ge might be equal to that of the 
globe. The correct diameter would have been 19 inches.] 



220 


EXPERIMENTS, 1771. 


[448 


Single wire *19 inch thick, 9G inches long. 


Trial wii-e drawn out 
i 


8 inches 
101 . 

32 

34 


separated nog. 
did not. 
did not. 

separated very little pos. 


Two wires *1 inch thick, 48 inches long, placed 36 inches asunder. 
Trial wire drawn out 24 inches separated pos. 

22 did not. 

0 sep. very little neg. 

2 did not. 


The same wires at 18 inches distance. 

17 i sep. pos. ratlier doubtful. 

18 did. 

16 did. 

131 did not. 

By these it should [seem] as if trial wire required to be drawn out 
9 less with the wires at 36 inches distance than with single wire, and 
17 less with two wires at 18 inches, whence I should suppose that [the 
quantity of] el[ectricity] in these three cases was as 96, 87 and 79. 

The trial wire not dmwn out was 70 inches, but the straight part of 
it was only 51 J. 


448] ^ Wires of half that length tried in tjie same manner with a 
shorter trial wire. 


Two wires *1 thick, 24 long, at 18 inches distance. 


Trial wire drawn out 1 inch 
3 
5 
7 

12 

14 


sep. neg. 
very little, 
rather doubtful, 
did not. 
did not. 

sep, pos. very little. 


The same at 36 inches distance. 

[trial wire] at 20 
18 
16 
11 
9 
7 


sep. pos. 
doubtful, 
did not. 
did not. 
did not. 

did a good deal. 


Wire 48 inches long, touched by end of touching wire. 

[trial wire] at 9 did not. 

7 sep. neg. 

20 , did. 

18 did not. 



451 ] 


TRIALS OP CHARGES. 


221 


Same wire touched by middle of touching wire. 

18 doubtful. 

20 did. ^ 

9 did not. 

7 doubtful. 

5 did. 

449] From these experiments the quantity of electricity in 

long wire touclicd at end ^ slioiild T 9G 
... ... middle I seem I 94 

short wires 36 dist. j to | 96 

do. 18 — J be as I 87 

450] Experiments to determine whether the quant, cl. in the large 
circle was the same whether it wjis supported on waxed glass* or on 
silk strings, tlie trial plates, which were of wood covered with tinfoil 
being supported on waxed glass, the largo trial plate drawn out to n 
inches being expressed by L - ri, the small ditto by S - w. 

Large circle supported on silk strings. 

L — 5 sep. pos. very sensibly if I staid some time before letting down 
tlie wires, but scarce sensibly if 1 did not. 

L - 4 seemed to separate, but rather doubtful if I staid, but not if I did 
not. 

S — 5 sep. neg. if I did not stay, but not if I did. 

L — 5 tried again, sep. very little whether I staid or not. 

The circle supported on waxed glass. 

L — 5 sep. very little whether I staid or not. 

S — 5 sep. very little whether I staid or not. 

Fi'om these experiments there seems no reason to think that there is 
any sensible difference in the quantity of electricity whether the circle 
is supported on silk or on waxed glass. I believe the air was mode- 
rately but not very dry when these experiments were tried. The next 
experiment was made the same night. 


451] Experiment to determine whether quantity of electricity in 
coated glass bears the same proportion to that in a non electric body 
whether electrification is strong or weak t. 

Two pair of corks were made ; each separated with rather a less 
degree of electrification than those used in former experiments. Some 
lead was then added to those of one pair, so as to double their weight 


[See Art. 255.] 


t [See Art. 356.] 
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and consequently to make them require 2“ the force to make them 
separate. 

The plate of glass Used was the double plate called A in the follow- 
ing ex 2 )eriments, but with coating 1*78 inches diameter. 

Tried with light corks. 

L — 3 sep. a little pos. 

S — 4 as much neg. 

Tried with heavy corks. 

L — 2 separated pos. 

S — as much neg. 

If these experiments could be depended on as perfectly exact the 
coated plate should contain ^^^-th part more electricity in proportion 
when electrified with heavy corks than with light, but this difference is 
much too small to be depended on. 

452] Comparison of two tin circles'^ 9*3 inches diameter with one 
of 18*5, the tin jdates sui)ported on waxed glass and touched in the 
same manner as wires, the trial .plates supported on silk strings. 

The two circles at 3G in. distance. 

Side of square equivalent to trial plate. 

S - 1 sep. very little neg. 11*26 

S - 2 did not 

L - 1 sep. very little 15*03 

L - J doubtful 

Large circle touched by middle of touching wire. 

L — 2 sej). very little pos. 15*57 

S — IJ SCI), little neg. 11*83 

Do. circle touched by extremity of touching wire. 

S - very little neg. 12*62 

L - 4 very little pos. 16*64 

Small plates at 36 inches distance tried again, 
sep. very little with L — 1, which is the same as before. 

Small 2 )lates at 24 inches. 

S — 7 very little pos. equivalent to 14*26. 

Do. at 18 inches S — 5^ very little pos 13*55. 

453] A brass wiret, 72 inches long and *19 thick was then tried, 
touched by middle of touching wire. 

* L - 2 sep. pos. 15*57 

S - 2^ very little neg. 12*07 

* [Art. 273 and notes 11 and 21.] 


t [Art. 279.] 
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455] 

454] From these experiments it should seem as if d[ectricity] in 

Large circle touched at extremity' 

... ... at middle 

Two small circles at 36 inches 
do. at 24 

do. at 18 


13-55 
13-15 
12'26 
1 1 -.5.5 


If the two circles wore placed at the same distance from each other 
in the same manner as in coated plates, and were electrified by wires 
touching their centers perpendicularly, the quantity of electricity should 
be 

Largo circle 14-02 
Two at 36 13-15 

24 12-72 

18 12-28 

The quaiitpty of] el[ectricity] in the wire 72 inches long and -19 thick 
seems to be nearly equal to that in the circle of 18*5 inches. Therefore 
if we suppose quantity of electricity in a cylinder to be 2 )ropoi*tional to 
its length divided by the logarithm 


of , 

thickness 
length 
A thickness 
length 
I- thickness 


quantity of elec- .^^06 
tricity in cy- 
linder is to 


-982 


that in globe -4761 to tab. log. J -eras ^ 1 - 0961017 log. 
whose diariie- ! 


tcr-lengthof .5253 
cylinder as 


1-211 


and the quantity of electricity therein is to that in a circle of the same 
diameter as 


-6627 

-74 to tab. log. or as 
-8173 


1-526 

1-704 to N. log. 
1-882 


455] A trial plate for Leyden vials consisting of two plates with 
rosin between. 

S — 2A sep. neg. rather doubtful 

L - 1 pos. rather doubtful ^ 

Double plate A, computed power = 11-04. 

L — 3A sep. a little pos. „ i 

S - 4 a little neg. ^ 

Double plate B, computed power = 11-1. 

L - 3 a little pos. 

S - 4} a little neg. 


[See note 12.} 
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Large circle on silk strings. ^ 

L - a little pos. « 

S — a little neg. 

Globe on silk strings. 

L - 4!^ a little pos. qi 

S - 42 a little iirg. 

456] Therefore the quant, cl. in these bodies seems as follows: 

Trial plate 17~ 

A 18-4 
B 18*3 
circle 18*5 
globe 18*8 

Diameter of the globe =12*1, therefore quantity of electricity in 
globe is to D° in circle of same diameter as 1*56 to 1*. 

457] Two trial plates were made on a piece of the large bit of 
ground glass, one 2*37 inches diameter on place where the thickness 
= 1*80, computed power = 31 *2; the other 2*57 inches diameter where 
thickness = 1*90, computed power = 34*8. 

The fii*st is called S the other L. 

tThe plates of ground glass E and F were each coated on one aide 
with a circle 7*95 inches diameter communicating with coating on the 
other side. These plates were kept from touching by three bits of 
sealing-wax. When the coatings were kept at distance *39 from each 
other this is called plate of air *39 thick, &c, 

A piece of wire of the same thickness as the other was made to slide 
thereon. 

When the plate of air was tried against trial-plate S with wire drawn 
out 12 inches it is expressed 

plate air — S + 12 &c. 

Double plates A and B S + 29^ sep. a little pos. 

L 17 sep. a little neg. 

plate air *343 S + 0 did not sep. 

[L] -f- 3 a little pos. 

plate air *39 S + 18 sep. a little pos. 

L + 3 sep. a little neg. 

same plate air L + 38 sep. pos. IT 

S + 18 did same. 


[See Art. 653 and Preface.] 


t [See Art. 341.] 
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459] PLATES OF AIR. 

' Tried again in afternoon of the same day. 


A and B 

S + 27 

sep. a little 
^ do. 

pos. 

plate air *39 

S + 19 

A and B 

S -1- 29 

do. 


A and B 

L + 16 

sep. a little 

neg. 

plate air *39 

L+ 4 

do. 


458] The wire not drawn out is about 40 inches, and may therefore 
contain about 10 cyl.* inc. of electricity, id est, as much electricity as is 
contained in circle of 10 inches diameter. Quantity of electricity in 
additional wire is supposed to be equal to its length [divided] by 4 -4. 

Both the trial plates together, whose computed power = 66, is equiva- 
lent to 2 A + 2B + 80 inches of wire + 45 of additional wire, id est, to 
73*4 + 20 + 10*1 = 103*5 inches of electricity, therefore 1 inch of com- 
puted power in the glass of which trial plates are made should be 
equivalent to 1 *41 inches of electricity. 

By the experiment marked IT in [457], a difference of computed 
power in the trial plates = 3*6, which is equivalent to 5*08 inches of 
electricity, was equivalent to drawing out wire 20 inches, which is 
supposed = 4*54 inches of air, which is as near an agreement as can be 
expected. 

By a medium of the experiments, the plate of air *39 thick required 
wire to be drawn out 11^ inches less than A and B, the different 
experiments varying from 9 to 14, therefore the plate of air contains 2*6 
inches more electricity than A and B, id eat, it contains 39*3 inches of 
electricity. The plate of air *343 seemed by 1 experiment to contain 
42*7 of electricity. 

Therefore plate of air *39 contains 4*94 times more electricity than a 
circle of same diameter, therefore quantity of electricity therein is to 
that in circle of same diameter as radius to thickness x 2*06 or quantity 
of electricity = computed power x *243. 

459] Four irregular pieces of glass, N, O, P, Q, were coated with 
circles. The thickness, specific gravity of glass and diameter of circles 
are marked in [Art. 370], the thickness of glass being found by taking 
thickness with ca]i|iers at center of proposed circle, and finding a part 
of outside of same thickness and measuring that part by Bird’s instru- 
mentf; the computed power of all being just 40. The experiments were 
tried with sliding wire as formerly]. 

Tried with large trial plate. 


N 

. 2 

+ 0 

separated constantly neg. 



+ 3 

sep. but not certain. 

P 

. 1 

+ 6 

sep. 



+ 9 

doubtful. 

P 

. 1 

+ 0 

did not. 

Q 

. 1 

+ 0 

did not. 

N 

. again 

+ 3 

sep. 



+ 6 

rather doubtful. 


* [Probably ‘*circ”. See Art. 648.] t [Arte. 341, 617.] 


M. 


15 
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[460 


With small trial plates. 


N 

+ 9 

sep. pos. 

. 

+ 6c 

did not. 

Q 

+ 0 

sep. considerably. 

o 

+ 0 

sep. considerably, but not so much as Q. 

p 

+ 6 

doubtful. 


+ 9 

sep. plainly. 

The aftenioon when these were tried, hygrometer corks closed 
about 20 seconds. 

The trial plates being inlarged, tried with large trial plate. 

p 

+ 42 

doubtful. 


+ 39 

do. 


+ 24 

sep. 


+ 28 

doubtful. 

0 

+ 0 

very little, rather doubtful. 

Q 

+ 0 

did not sep. 

N 

+ 21 

sep. a little. 

P 

+ 24 

sep. a little. 


With small trial plate. 

P 

+ 28 

did not. 


+ 36 

did. 

Q 

+ 0 

sei)arated rather more. 

0 

+ 9 

sep. a little. 


+ 18 

sep. about as much as Q at 0. 

N 

+ 28 

sep. a little. 


These experiments were ti-ied in the morning. In the afternoon 
hygrometer corks closed in about 30 seconds. 

460] The plate B was coated with a circle 2*79 inches diameter, 
computed power = 40, and the plate D was coated with a circle 2*73, 
computed power =46. 

A piece of the white glass was also coated with a circle 2*85 in. 
diameter where the thickness was *182, computed power 44*6. 

They were tried with the same trial plates. 

With large trial plate. 

D + 0 sep. neg. 

+ 3 very little, rather doubtful. 

B +33 very little. 

N +21 very little. 

D +3 rather doubtful. 

With small plate. 

B +48 very little. 

D +15 do. 

N +39 do. 

White + 32 sep. a little pos. 

B +48 did not quite sep. 
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White + 18 
+ 24 

nearly same as B. 

sep. supposed nearly same as 1st time. 


N 

+ 27 

sep. very little. 



+ 30 

nearly same or rather more than W at 24 with large 

plate. 

N 

+ 14 

sep. a little ncg. 

W 

+ 10 

do. 


B 

+ 32 

do. 


W 

+ 8 

do. 


N 

+ 14 

do. 



4G1] The plate A was coated with a circle 2*16 inches diameter, 
computed power = 22*6 ; a plate of I'osin also, the first which was pressed 
out after hardening, was coated with a circle 2*51, thickiioss *102, com- 
puted power ^ 2*51’^ ; they were tried with the trial plates described in 
p. 16 [Art. 457]. 

Tried with small |)late. 

Rosin +19 sep. a little pos. 

A + 36 do. 

Double plates A & B +36 do. 

Rosin + 16 do. 

With large plate. 

Rosin + 0 sep. veiy little, rather uncertain. 

A +17 sop. a little, rather imcertain^ 

+ 14 sep. a little. 

Double plate +15 do. 

462] Hence it appears that A contains as much electricity as the 
two double plates. The rosin plate required the wire to bo drawn out 
18 inches less than them, therefoi*e rosin plate contains 40*7 inches of 
electricity, and therefore quantity of electricity therein -- comp, power x f. 

A contains 36*7 inches of electricity, and therefore as A and B are of 
the same kind of glass, the quantity of electricity in them “ computed 
power X 1*62= *21056, and B contains 64*96 inches of electricity. 

The whitish glass plate required the wire to be drawn out 27 inches 
less than B, D requires 33 less and N requires 14 less, P requires 3 more 
than N, O 21 less, and Q 37 less than N, therefore W contains 71*2 of 
electricity, D 72*5, N 68*2, P 67*5, O 73 and Q 76*7. 

'herefore f D — 1*58 [”2*973 

W=D60 2*787 


N = l*71 2*682 

0 = 1*83 2*514 

Q=l*92 [2*504 

[Should be 61 *7.] t [So in MS. Sco note to Art. 464.] 

X [The “real charges” here given are in “circular inches,” and the computed 
power is 8 times the true value, so that the numbers here given must be multiplied 
by 8/1 -57 =5*1 to compare them with those given in Art. 370. The diameters 
of the coatings in these experiments are not the same as those in Art. 370 which are 
taken from Arts. 608—615 and 672.] 


Quant, el. in. J 
comp, power 


B = l*62 2*674 

P = l*69 sjJe. gra. v 2 752 


15—2 
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[463 


46 Experiments to determine whether the quantity of elec- 
tricity in coated plates bore the same proportion to that in other bodies 
whether el. was weak 8r strong, or whether it was positive or negative*. 

On the side of corks was placed plate A with circle 2 inches in 
diameter, containing 31 inches of electricity. On the other side there 
was no coated plate, but the wire was drawn out 23 inches and made 
to rest at further end on the sliding wooden plates. The heavy corks 
required more than 2 ^ the force to make them separate than the light 
ones. 

With light corks S — 0 sep. a very little neg. 
heavy S — 5 sep. a little. 

— — J sep. a little pos. 

light L - 7 do. 

Tried with the usual corks. 

with the electricity neg. L~2^ sep. a little. 

pos. L — 3* do. 

neg. L — 2| do. 

According to these experiments the plate should seem to contain 
j X ^ more electricity in proportion when elec- 

trified by heavy corks than light, and about more when electrified 
pos. than neg. 


464] A plate *345 inches thick was pressed out of exper. rosin and 
coated with circle 3*41 inches diameter, therefore computed power = 33*7. 
This was compared with double plate B by help of the sliding coated 
plate mentioned in [Art. 442]. 


Breadth of coating on sliding plate. 


Bosin 

B 

Therefore the plate contains 


29 

sep. a little neg. 

22 

sep. a little pos. 

20 

sep. a little pos. 

26^ 

sep. a little neg. 

* 46j" 

20 inches of electricity t, 


465] Side of square equivalent to trial plate. 

Small plate 0 = 10*72 ' 

drawn out to 1 = 11*26 • 

2 = 11-80 
3 = 12-35 
4= 12-831 
6 = 13-31 

6 = 13-78 -48 

7 = 14-26 

8 = 14-74 J 

* [Art. 366.] 

t [This would make the specific capacity of rosin 20 x 6*1/33*7=3. The num- 
bers in Art. 462 make it 3*3.] 
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Large plate , 0 = 14‘49 
drawn out to 1 = 15‘03 

2 = 15-57 I- -54 

3 = 16-10 

4 - 16-64 

5 = 17-12 

6 = 17-60 

7 = 18-08 

8 = 18-56 -48 

9 = 19-04 

10 = 19-52 

11 = 20-00 


EXPEEIMENTS, 1772* 



466] Plan of usual disposition of vials and bodies to be tried 
drawn in the true proportion and shapet. 

8 is the trial plate, B the body to be tried, A and a the vials, 
mM and rB the touching wires. 

rm= 83 inches, = 27, J Na = 24, AC == 10. 

Height of body and trial plate above ground = 4*2 
below horizontal bar = 3*1-^. 

All the wires were about *07 thick. 


* [This is the heading of thia bundle of the Journal, though the dates up to 
Art. 476 belong to 1771.] 
t [See Art. 240.] 
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EXPERIMENTS, 14 DEC. 1771. 


[467 


467] Comparison of quantity of electricity in a tin plate one foot 
square, according to {lie different situations in which it was electrified, 
'riie trial ])hito was suspended on waxed glass, the plate to be tried 
on silk strings * 

Description of the different ways in which it was tned. 

Fore Observation — The plate horizontal and placed as in figure, the 
touching wire also as in figure but extending to different distances upon 
the j)late [called 2"*^ and S'"** way in Art. 266]. 

Bent Wire — the same as former except that the touching wire was 
bent into the shape rTR, the distance remaining as before, the arch 
'/•Til being veriical and its greatest distance from the straight line rK 
being about 15 inches [5‘‘' way]. 

Cross Wire — The same except that the touching wire rR had a 
cross wire Ec placed horizontally fastened on within 3 inches of r, 
the touching wire being of the same length as before, and Ee 23 inches 
long. The touching wire was made to extend so much on the plate 
that Ee was about 1 inch distant from the edge of the plate [4"' way]. 

Back Observation — The touching wire removed into the situation 
fry, the wire lieing 13 feet 5 inches long and passing nearly perpen- 
dicularly over B and at the height of 3'. 7" above it [G“‘ way]. 

Plate Vertical — The plate hanging in a vertical plane nearly per- 
jiendicular to the right line joining it and the vial. The touching wire 
touched it about the middle of the upjier side [P‘ way]. 


468] Sat. Dec. 14 [1771]. Th. 53®. S. H. 19. C. H. + 7t. 


Back observation. Touching wire extends 4 inches. 


B — 2 sep. a little neg. 

1? very little 

1 very little, rather doubtful 

D 3 do, 

2 sep. pos. 


Side of 
equivalent 
square. 


12-33 

1206 

11-78 

8-93 

8-45 




diff. 


2-85 


i sum. 


10*35 


h^re observation. Touching wire extends 9 inches over. 


.D- 5 very little, rather doubtful 
4 sep. 

E - 3 sep. a little 

very little, rather doubtful 


9*84 

9*39 

12-85 

12*59 


2*75 


11*21 


* [See Exp, ni. Art. 265.] 

I [Th. — Fahrenheit’s Theymoipeter : S, H. — Smeaton’s Hygrometer. See ‘ De« 
jscripiion of a new Hygrometer by John Smeatoii.’ PhiL Trans. 1771, p. 198. 
C.H.— Common Hygrometer.] 
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Fore observation, wire extends very little over. 

Side of 

eqiiivalent diff. 
square. 

B — 3 very little, rather doubtful 12*85] 

B - 3-J- sep. a little 13*10 > 3 .Q 1 

D-5 very little, rather doubtful 9*84 J • 

4 sep. 9*39 

Touched by bent wire near middle. 

D _ 3 .i_ sep. a little 9*17 I 

4 very little, rather doubtful 9*39 ] 

B — 3i extremely little 13*10 3*46 11*12 

3 rather doubtful 12*85 ij 

Th. 55®. Smeaton’s Hygrometer 18 Common Hygrometer + 5. 

469] Monday, Dec. 16 [1771]. Trials of time in which electricity 
of stone square, &c. was destroyed. 

The squares were supported on glass, and a piece of tin foil about 
1-J- inch square fastened on each corner. On one of these pieces was 
fastened a wire from which the pith balls were suspended. The square 
was then electrified by applying a charged vial, and then a wire com- 
municating with the wall was applied to the other piece of tin foil. 

With slate the corks closed in 10" 

Portland 15 

Bremen 8 

gummed glass 5 

The stones had been kept in fore room for several days. The gummed 
glass had been kept in fore room till the gum began to crack. It was 
then kept in back room for about 5 hours, and then kept in fore room 
about 1 ^ hour. 

Th. 54. S.H. 22. C. H. + 14. 

Hygrometer corks closed in 4'. The glass being then wiped they 
closed in 7'. Being then suflfered to stand uncovered for 2 or 3 hours, 
the corks closed in 5'. 

Th. 54. S. H. 20J:. C.H. 11. 

470] Tuesday, Dec. 17 [1771]. Th. 53. S. H. 20. C.H. + 9. 

Experiments of [Art. 468] continued. 

Plate vertical. 

Side sq. equiv. diff, } sum. 

C — 2 sep, a little pos. 10*09 |) 

B~3i do. neg. 13*10 lU'U 11*53 

D-5* do. pos. 9*84;) 


i sum. 

11*34 
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EXPERIMENTS, 18 DEC. 1771. 


[471 


Pore observation. Wire extends very little over. 


C-3 

D-6 

B-4 

sep. 

sep. 

t 

a little pos. 
more 
a little 

Side square oquiv. diff. 

10-09 1) 

9-84 }• 3-25 
13-34 ) 

4 Bum, 

11-71 

Fore observation. 

Wire extending 9 inches over. 


B-4 

C-1 


do. 

do. 

3-78 

9-56 ^ 

1 11-45 

Bent wire. 





9- A 


do, 

do. 

3-82 

11-24 

Cross wire. 





B-2 

D-2J 


do. 

do. 

12-33 

8-69 ^ 

10-51 

Back observation. 




D-2| 

B-2 


do. 

do. 

12-33 ® 

10-51 


Tb. 65. S. H. 18J. C.H. +6. 


This night Ist night 

Plate vertical 11-71 - *18 

Fore obs. at extremity — ’0 11*34 — 0 

do. wire 9 inches over - *26 — *13 

Bent wire — -47 - '22 

Cross wire — 1*20 

• Back observation — 1-20 - '99 


471] Wednesday, Dec. 18 [1771]. Th. 60®. S. H. 17|. C.H.+3. 


Trials of flat plates of diflerent substances about 1 foot square* 




Side of 
equiv. square 

diff. 

4 sum. 

Tin plate 

fC — 2 sep. about 
IB -6 do. 

,Viii. 10-09) 
13-82/ 

3-73 

11-96 

Slate 

/B-5^ do. 

\C-2^ do. 

14-06) 

10-36/ 

3-71 

12-20 

Portland stone 

/C-3 

lB-6 

10-69) 

14-29/ 

3-70 

12-44 


[Exp. IT. Art. 269.] 
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Side of 
equiv. square. 

1 

dift. 

i Bum. 

Bremen stone j 

fB-e 

[0-3 

14-29> 

10-59/ 

3-70 

12-44 

Glass coated I 

with tinfoil 1 

rc-ij 

LB-5 

9-961 

13-82/ 

3-86 

11-89 

Pasteboard | 

fB- Si- 
te -1| 

13-941 

9-96/ 

3-98 

11-95 

Glass coated with i 
salt and gum-water i 

rc-2 

LB-5 

10-091 

13-82/ 

3-73 

11-95 

Do. with charcoal J 
powder I 

rB-5 

[0-2 

13-821 

10-09/ 

3-73 

11-95 

Hollow tin j 

rc-2j 

LB-5J 

10-221 

13-94/ 

3-72 

12-08 

Tin plate 1 

same as first tried | 

rB-5 

LC-lf 

13-821 

9-96/ 

3-86 

11-89 

Th. 50®, 

S. H. 17. 

0. H. + 2^. 



The subject is continued in Art* 480. 


472] Comparison of two tin circles 9*3 inches in diameter with one 
of 18*5 ; the two circles being placed in vertical planes parallel to each 
other and perpendicular to the vertical plane joining their centers 
and the trial plate, their centers being both in the above-mentioned 
plane*. 

There was a distinct touching wire to each plate meeting each 
other at R, the two wires were kept asunder by a slender glass tube, 
and about 1 inch of the end of the wires bent at right angles horizon- 
tally in order to touch the plates by being let fall on their edges. When 
the large circle was tried, this double touching wire was removed and 
a single one used in its room, which was sometimes fastened to the 
middle of the glass tube, and sometimes used without it, as will be 
expressed. 

The height of the top of the circles above floor =* 4'. 3", 

^ The center of the large circle when that was used, or the middle 
point between the centers of the two small circles when they were used, 
10") . fvial \ 

“ I?'. 3") (middle of trial plate)* 

The circles were suspended by silk strings. The length of the 
touching wires for the circles was 36 inches. 


[Exp. v., Art. 278.] 
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[473 


473] Monday Dec. 30 [1771]. Th. 60®. S. H. 18. 
Two small circlei? at 18 inclies from each other. 


B — 6 sep. about 
C-21 do. 

Equivalent, diff. 

13-821 . 

10-35/ 

^ sum. 

12-08 

Proportion. 

1-000 

The same at 26 inches distance. 




C-4 do. 

B - 6 J do. 

11-071 

14-51J 

3-44 

12-79 

1-059 

at 3C distance. 





C- 4A- do. 

B - -1- do. 

A-14j do. 

11-31 

11-37 

15-42 

4-08 

13-38 

1-108 

Large circle, touching wire 

being fastened to glass tube. 


A- 17-^ do. 

B — 3 do. 

16-94 

12-85 

4-09 

14-89 

1-233 

Do. without glass. 





B- 3 

A-m 

12-85 

16-94 

4-09 

14-89 

1-233 


The Proportion by theory, vide P. 14 of calculations*, are as fol- 



Calculation. 

Experim 

Small circles at 18 

1*000 

1*000 

at 26 

1*044 

1*059 

at 36 

1*074 

1*108 

single plate 

1*160 

1*233 


474] The same experiments repeated in the same manner except 
that the distance of the center of the large circle, or of the middle point 
between the centers of the small ones was 5'. 3" from the vial, and the 
middle point of the trial plate 8'. 2" from vial, and that some boards 
forming a floor about 4 or 5 feet square was placed under the circles 
14 inches from the ground, and that a perpendicular bar of the same 
breadth as those of the frame was placed 5 inches nearer to the circles 
than the other, so that the distance of the center of the largo circle 
from the vial and the ground, and also the distance of the nearest small 

* [“ P. 14 of Calculations ” refers to a rough calculation in parcel No, 6, which 
is an early form of Props. XXIX and XXX. See Arts. 140 — 143. “ P. 14 con- 
tains the following remark, which fixes its date after Art. 456, **By exp. P. 15 
[Art. 456] quant, el. in circle is to that in globe of same diam. as 1 : 1*56 :: i : *78, 

therefore *78.” Here n is the reciprocal of p in Art. 140.] 

t [See Art. 681 and Notes 11 and 21.] 
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circle from the perpendicular bar when they were placed at 36 inches 
distance, were diminished in about the ratio of 2 ^ 3*. 


475] Tu. Dec. 31 [1771]. Th. 51°. S. H. 18. 
Small circles at 18 inches distance. 


B — 6 sep. 

C - 4 do. 

14-29 

11-07 

3-22 

12-68 

Do. at 26. 




B — -1- sep. 

B-S'' do. 

11-51 

15-17 

3-66 

13-34 

Do. at 36. 




B- 2 do. 

A- 151- 

12-33 

16-07 

3-74 

14-20 

Large circle with glass. 




A-ISJ 

B- 5 

17-54 

13-82 

3-72 

15-68 

Do. without glass. 

B- 5-1. 

A -20*' 

14-06 

18-11 

4-05 

16-08 

^ Th, 53. 

,S. H. 

15j. 



Proportion, 

1000 

1052 

M20 


1-237 


1-268 


476] Comparison of 2 wires 3 feet long and inch in diameter 
with 1 of 6 feet long and -185 in diametert. 

The wires were placed parallel to each other, horizontal and per- 
pendicular to the horizontal bar. They were touched almost close to 
one extremity by the same wires and in the same manner as the circles 
in the former experiment. 

That end of the wires near the part which was touched was sus- 
pended by silk, the other end was supported on waxed glass. The 
distances were the same as in [Art. 472], 


477] Fr. Jan. 3 (1772). Th. 50°. S. H. lO-J-. C. II. + 2. 


Shoi-t wires at 18 inches distance. 

Proportion. 

C — 4 sep, 

B-8 do. 

1J:?7 *'■<' 

•847 

at 24. 



B- i 

A-14 

3-64 13-33 

15-15 

•860 

* [Art. 275.] 

t [Exp. VI., Arts. 279 and 683.] 


t 
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EXPERIMENTS, 8 JAN. 1772. 


[478 


Short wires at 36 inches distance. 


A-15J 


15-94 

12-06 


3-88 14-00 


Proportion. 

•903 


Single wire without glass. 


B - 3^ sep. 

A- 19^ do. 

A -19 sep. less 
B- 4 do 

13-10 

17-89 

17-66 

13-34 

4-79 

4-32 

15-50 

15-50 

1-000 

Two wires at 18, repeated. 




1 1 

,11-07 

15-42 

4-35 

13-24 

-854 

Th. 52*. 

S. H. 18. 

0. H. 

4-1. 


By theory [Art. 152], the proportions should be between those of 

1 

•9323 

•9053 

■8827 


and 1 

•8926 

-8597 

-8353 


478] Comparison of different substances tried in the usual manner*. 


The large tin circle suspended bj silk. 


B- 4|- sep. 

B — 3 sep. about tV 13-82 
A-19i do. 17-89 

B - 5 do. 


407 15-85 


[Article]. 

[ 1 ] 


The globe suspended on silk. 


B - 5 do. 

A- 19-^ do. 

13-82 

17-89 

4-07 

15-85 

[2] 

Coated double glass plate At 





A -20 do. 

B- do. 

18-11 

14-06 

4-05 

16-08 

[3] 

Double plate B. 





B — 5 do. 

A -20 do. 

13-82 

18-11 

4-29 

15-96 

W 

The large circle supported on 

waxed glass. 



A-21 

B- 6J 

18-66 

14-51 

4-05 

16-53 

[5] 

A tin plate 15*5 square, on do. 




B- 5 

A- 20 

13-82 

18-11 

4-29 

15-96 

[3] 


* [See Arte. 6S3, 664, 682.] 

t Doable plate ground glasB A, thiokneBS -S, diam. coating 1 -82, comp, power H-04. 
— B, 81 1-866, 11-1. 
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A tin plate 17*9 by 13*4, on do. 


A- 20 
B- 5i 


18*11 

1406 


4*05 16*08 


[Art.l 

m 


A tin cylinder 35*9 inches long and 2*63 in diameter, on do. 

B — 7 . 14'73 iftffiA 

A -21 18*56 

A tin cylinder 54*2 long and *73 in diameter, on do. 

A-19-J- 17*89 

B - 6 13 *82 


4*07 16*85 


Brass wire 72 inches long and *185 in diameter, on do. 

B - 4J 13*58 

A -19 17*66 


Th. 50*. 


S. H. 16 | 


4*08 16*62 

C. H. - 8*. 


[ 8 ] 

[ 9 ] 

[ 10 ] 


479] According to the 5^ and 6*^ article of last page, the quantity 
of electricity in the square is to tliat in a circle of the sauic area as 1*08 
to 1, and that in square to that in oblong of the same area as *991 to 1. 

By comparing the 2"** article with the 3 last, the quantity of elec- 
^thick cylinder 

tricity in thin cylinder may be to that in a globe whose diameter 
(wire 

T 4 ’939 , ,, M84 

equals the length of as -962 to N. log or M16 

wire .Qgg thickness 1*103 

1*499 

to N. L. or as 1*271 to N. L. . 

thickness 1*218 thickness 


Therefore, if we suppose that the real quantity of electricity in any 

cylinder is to that in the globe whose diameter equals the length of the 

2'® length Aoai 4 . au i 2“ length 

, or as •4964 to tab. 


cylinder as ly 


to N. L. 


thickness 

it will agree very well both with theory and experiment. 


Or by comparing this with the first article, the quantity of elec- 
tricity in any cylinder is to that in a circle whose diameter is equal to 

the length of the cylinder as *759 to tab, log YhlS^^’ 


Comparative cha/rges of bodies tried in tlie former experiment. 

By means of this experiment and that of 1771. [Arts. 455, 456.] 
If the charge of the globe is called 1, that of the circle will be *992, 
therefore, by comparing 6^ and 7**^ articles with 5***, the charges of the 
square and oblong will be *957 and *965. 


[Exp. yii. Art. 281.] 
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By comparing arts. 1 and 5, tlie charge of circle on waxed glass is 
greater than on silk strings in ratio 1-042 to 1, and therefore if charge of 
cylinders and wire on 'waxed glass are supposed greater than on strings 
in the ratio -1-021 to 1,* the charges of thick cylinder, tliin cylinder and 
wire will be 

1-028 -980 and -966. 


480] Sat. Jan. . Th. 53“ S. H. 23. C. II. 11 J. 

Comparison of different substances tried in the usual wayt except 
that in the first expeiimeiit the touching wire rli and the wire RS 
were of bi-ass -185 thick. 


Till plate with thick touching wire. 

C - 1 9-50 

B - 4 13-34 


3-78 


11-45 


The same plate with the common touching wire. 


B-4 

0 - 1 } 


13-.34 

9-83 


3-61 11-58 


Hollow tin plate, 1-01 thick. 

C - 2} 10-35 

B-5-i 14-06 


12-20 


Glass covei-cd with thick coat of tinfoil. 
B-4A 1.3-58 

0-2' 10-09 


3-49 


11-83 


Tliin coat of do. 

C - 1 9-56 

B-4 13-34 


3-78 


11-45 


gold leaf 


B-41 

13-58 

C-l| 

9-96 

— 

— gum. 

0-2 

10-09 

B- 5? 

14-06 


3-62 


3-97 


11-77 


12-07 


Water with a little gum. 

B-4} 13-58 

C-1} 9-83 


The same tin plate as before. 

C-2 10-09 

B-6} 14-06 


3-97 


11- 70 

12- 07 


Th. 65® -5. S. H. 22-5. 0. H. 10. 


* [The oylinders and wire were supported on waxed glass at one end only.] 
-t [E-itp. IT. Art. 2C9.J 
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483] 

481] Result of this and Art. 471. [Same as Table, Arts. 269, 2tb.] 

Trials op Leyden Vials. ^ 

482] The plates from Nairne made out of the same piece of glass 
were coated with circles of tinfoil as below*. 


Plates. 

Thickness 

Diamoter 
of coating. 

Computed 

power. 

D 

•2057 

2-16 

22-74 

E 

•2065 

2*16 

22-60 

F 

•2115 

2*19 

22-68 

0 

•2022 

2-14 

22-65 

H 

•07556 

6*79 

610-2 

I 

•07797 

2-299 

67-78 

K 

•07712 

2-286 

07-78 

L 

•08205 

2*358 

67-75 

M 

•07187 

2-207 

67*78 

A 

•2112 

6-55 

203-1 

B 

•2132 

6*586 

203-4 

C 

•2065 

6*482 

203-4 


A ... 2*123 

The old ground glass plates were coated with tinfoil square, 

97 .Q 

computed power 33 . qq , to be used as trial plates, 

483] Friday, Jan. . Th. 52\ S. H. 15. C. H. - 9. 

The plates D, E, F, G of Nairne were compared with the double 
plates A and B by means of the trial plates A and B and an additional 
wire sliding on the electrifying wire Mm. 

thic^ess ^ *15 additional wire is 

of the same thickness. The wire Bb is 9i inches long. 


Plates ' 

Additional 

Trial 


tried. 

wire. 

plate. 


2 double 
plates 

15 

18 

A 

A 

sep. near 1 diam. closed soon. Called 1** way. 
rather more, closed soon, 2 "“way. 

sep. 1 diam. closed much slower, 3"* way. 

3 

B 

D 

6 

B 

3"* way. 


15 

A 

2 "'' way. 

E 

16 

A 

2 "« way. 


6 

B 

3 rd 

P 

3 

B 

3 rd 


18 

A 

2 nd 

G 

18 

A 

2 nd 


6 

B 

3 rd 


• [See Art. 315. The computed power as given in this part of tlie Journal 
is the square of the diameter divided by the tliickness, which is eight times the 
computed power as defined in Art. 811, and calculated in Art. 315.] 
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Flat.. 

Additional 

Trial 


tried. 

mre. 

plate. 


Double 

plates 

3 

‘b 

sep. full 1 diam. did not close soon. 

D 

6 


do. 

E 

6 


do. 

F 

6 


do. 

O 

6 


do. 

O 

0 


seemed more, but hot quite certain. 

G 

12 


seemed pretty certainly less. 

O 

18 

A 

sep. about 1 diam. closed faster. 

F 

18 


do. 

E 

18 


do. 

D 

18 


do. 

D 

12 


sep. but certainly less. 

Doable 

plates 

15 


sep. about 1 diameter*. 


484] Two of the old gi'ound glass plates H, I, K, L of Nuremberg 
glasst, were coated with oblong squares to serve for trial platos to the 
plates I, K, L, M of Naime, but the observations were found to be 
so irregular that nothing could be made of them, owing, as was sup- 
posed, to the spreading of the electricity on the surface of the glass. 

To prevent this, all the four plates H, I, K and L were coated with 
oblong squares, and cased in cement composed of 2 parts rosin, 1 of 
bees* wax, and 3 of brick dustt. 

In making it the bees’ wax was first melted and imperfectly dephleg- 
matcd, the rosin was then added and melted with as little heat as 
possible, and then the brick dust, previously heated so as to be very 
dry, was added. By this means the cement is more safe and sticky 
than if more heat is used in making it. In some of the mixtures also 
a ^mall part of the rosin, never exceeding of the whole, was ex- 
changed for as much pitch, which was added after the rest was melted 
and mixed. 

The plates E, F, G, and I, K, L of Naime were cased in the same 
cement, about *165 thick. 

A plate of the same cement was also cast by pouring it out on a 
tin plate. This was coated with circles about 2*2 in diameter. 

485] The spreading of the electricity on the surfiice of the trial . 
plates seemed not to be prevented by casing them in cement, for putting 
the plate L of Naime on the positive side, and the trial plate H on.the 
negative, then if the apparatus was let down and drawn up again im- 
mediatelyj:, the pith balls separated about half an inch negatively, but 
if the apparatus was suffered to rest at the bottom about h^ a minute, 
and then drawn up immediately, they separated considerably more than 

1 inch, and if it was suffered to rest at the bottom but a very short time,, 


[See Art. 655.] 


t [See Art. 303.] 


[See Art. 302.] 
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and then kept mid way for A minute, and then drawn up, the balls at 
first separated positively but closed very soon, and after a long time 
separated negati vely. ^ 

K a sliding plate containing about J part of the electricity in the 
plate L was put on the positive side as an additional plate, and the ap- 
paratus was let down find drawn up immediately, tlie balls separateil 
about 1 diameter liegatively, but if it rested at the bottom i a minute 
and was then drawn up immediately they separated about 1 inch nega- 
tively. 


48G] In order to see how fast the electricity spread on the surface 
of the glass, the heavy paper cylindei*s* were phiced in the usual phice, 
and the light ones on the wire the wires Gij and /y were detached 
from Gc and rested at bottom, and a coated ])late on the positive side. 
Tlie wire Gc, wjis suffered to rest on Aa and Bh while the jars wore 
charging, and tlie wii*o V drawn up so as not to rest on the coated 
plate t. 

When the heavy cylinders, and a fortiori the light ones separated, 
the wire V was let down on the plate and tlie wire Co iininedijitcly 
drawn up, and the time elapsed till the closing of the light cylinders 
counted, which was as follows : 


G) of Nairne all 20" 
E> inclosed in 25 
F) cement. 20 
F reversed 23 


D ) of Nairne not 20" 
Mj inclosed in cement. 35 
M reversed 3G 

L of N. in cement 50 


L reversed 50" 
Trial plate H 7 

D” reversed 5 


487] Another way wfis taken to try the same tiling, namely, the 
wire Fj was taken off’ and Gg placed so as to lye below the wire Dd 
and to be drawn up against it by a string. The coated plate to be tried 
was placed on the negative side, the wire 8 touching its bottom coating. 
The jars were then charged, the wire Gc resting all the while on Aa 
and Bh^ and Gg drawn against Dd,, and ^ drawn up so as not to rest 
on the jdate. When the jars were sufficiently chai'ged was let down 
on the plate, and the wire Gg dropt immediately after, so as to tfike 
away the communication between Dd and the ground, so tliat the pith 
balls which were hung to D slieweid whether much electricity passed 
round to under side of plate or spread on the surface. 

When the pith balls communicated with the ground they separated 
about of an inch negatively by the repulsion of the wires on them. 



Coated 

Balls closed 

Separated 



plates. 

in seconds. 

again in 


D 

of Nairne ) 
not in cement / 

3" or 4" 

30" 

in 3' soj>arfited about 

E 

of Nairne 
in cement 

25" 

2'. 30" 

in 4' .separated about 

F 

do. 

25 

2' 


a 

do. 

20 

r.io" 

in 4' separated about 

I 

do. 

35 



» [Art. 218.1 


f [Sec 

Fig. 20. Art. 205.1 


M. 



10 
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Coated 

plates. 

K of Nidme 
ill cement 


L 

Double ) A 
plates J B 
Plate of 
cement 


closed 


Balls closed Separated 
in seconds. again in 

!«. 35 

10 did not separate again in several minutes 
15 I'.ir)" 

10 r. 30" 

almost instantly, separated Jigain in about 10". 


488] Three sliding coated plates were made, each covered all over 
with tinfoil on one side, with a slip of tinfoil 1*8 by *9 in. on the other. 
Two ficit pieces of brass were also prepared, one 1 *8 by *9 and the other 
1*8 square. 

Tlie tinfoil was divided in breadth into G equal parts, and the 
breadth of the coated surface is expressed in those divisions or in 
parts of the breadth*. 


Tlie first ]>late was one of exper. rosin *345 thick. 

The 2"*’, 2 plates of glass with rosin between. 

The 3”\ a bit of the large jiiece of whitish plate glass. 

The rosin sliding i)late when the breadth of coating — 24) . . 

Ond ® ^ 

as much electricity as the double plate A. 

The 3"* sliding ])latc when its breadth = 10| contains as much elec* 
tricity as plate F of Nairiie. 


/iBt 

Therefore 1 division on -<•2"'* sliding plate contains 

( 3 "* 


electricity in jdate D, E, F, or G of Nairne. 


1 

-4F 

1 

ii4 

_ 1 _ 

lOf 


of the 


.7 inches of additional wire answers to 1 inch of computed power in 
plates of Nairne. 

2 trial plates were made for the jdates I, K, L and M of Nairne 
out of 2 of tlie ground plates first got from Nairne. The dimensions 
of the coating of the small one was about 3*3 by 3*1, and that of the 
large one 37 by 3*4, the thickness of glass unknown. 

Two trial plates were also made for the jdates A, B and C of Nairne 
out of the old ground jilates E and F. F, the smallest, was 5*7 square, 
and E was 6*3 by G nearly. 

Two trial j dates were made of crown glass for the plate H of Nairne, 
the small one 5*7 by 5*1, the other 6 by 5*9. 

489] Tuesday, Feb. 4 [1772]. Th. 47°. S. IL 17. C. H. ^5. 

Trial of plates D, E, F and G of Nairne, and of the 2 double plates, 
the plates E, F and G being cased witli cement: tried by means of 
additional wire+. 


* [Sec Art. 297.J 


t [Art. 318.1 
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Plates 

tried. 

Length of 
additional 

Trial 

plate. 

f If let down and up immediately, 

D 


■R 

1 sep. neg. about inch. If 



j it rested at bottom 2" or 3", 
1 rather less. 


G 

0 

B 

do. 

F 

0 

B 

do. 

G 

2 

B 

do. 

2 double) 
plates j 
D 

9 

B 

do., but closed sooner. 

9 

B 

do. 

D 

16 

A 

sop. about pos. ; much the .same 

if it rested at bottom 2" or 3". 
do. if let down and up imme- 

2 double) 
plates j 


18 


diately, rather more if resting 
at bottom 2 or 3". 

G 

9 

A 

do. 

F 

7 

A 

do. 

G 

7 

A 

do. 

2 double 
plates 

19 


do. 


490] Feb. 4 continued. Comparison of the three plates E, F and 
G together 'with the plates I, K, L and M, tried by the two ab(n o-mcn- 
tioned trial plates and the 1“^ and 2"*^ sliding plate*. 



Sliding 



Plates 

tried. 

plate and 
breadth of 
coating 
thereon. 

Trial 

plate. 


E,F, G 

1“^ 9 

S 

sep. pos. about D" if resting 2 or 3" 

T 

— 24 


sep. rather less than rather more if 



resting 2 or 3" 

E, F, G 

— 9 


same as before 

M 

— 16 


sep. about if resting 2 or 3" 

K 

— 24 



L 

— 24 


DO 



Largo. Sep. neg. about ; rather less if 


2-^ 17 


re.sting 2 or 3", the scjiaration more 
after a little time than at first, and 




closed very slow. 

K 

17 


DO 

I 

• 15 


Do 

E, P, G 

7 


Do 

M 

9 


DO 

E, F, G 

7 


DO 




[Art. 318.] 


If;- 2 
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491] Trials of the same kind as those in [Art. 487]. 

Large trial plate for the experiments of this page— balls closed in 13'^ 


Small do. 

10" or 15" 

Trial plate A 

15 

B 

15 

E of Naime 

20 

F 

20 

G 

20 

D 

6 

Double plate B 

5 

A 

7 

M of Naime 

20 

I — 

20 

K — 

35 

L — 

25 


492] Wed. Feb. 5 [1772]. Th. 49^ S. H. 17J. C. II. 4i. 

Comparison of I, K, and L together, with A, B and C by means of the 
trial plates E and F, and of A, B and C together, with H by means 
of the two crown glass trial plates*. 


Plates 

Sliding 
plate and 

to be tried. 

breadth of 

I,K,L 

coating. 

2“* 8 

B 

3"* 8 

A 

3'^ 8 

C 

D» 

I,K,L 

2”'* 10 

C 

S'* 8 

C 

3"* 10 

A 

3"* 10 

B 

— 11 

I,K,L 

— 6 

C 

— 11 

I,K,L 

— 6 


Trial 

plates. 

F scp. about pos. Much the same if 
resting at bottom 2 or 3". 

D" 

D" 

D" 

E sep. 1 diam, neg. Much the same if kept 
at bottom 2 or 3". Kept increasing 
for a short time, 
do, 
do. 

the same, only rather less if resting at 
bottom 2 or 3". 
the same as before, 
the same as before. 


•• [Art. 818.] 
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493] Comparison of A, B, 0 together, with H *. 



Sliding 


Plates 1 

plate and 

Trial • 

to be tried. 

breadth of 
coating. 

plates. 

A,B,C 

3"* 18 

Large. Sep. neg. about 1 diam., the same if 

it rested at bottom 2 or 3". 

n 

D» 


A,B,C 

D“ 

D« 

H 

D' 


H 

3"* 6 

visibly rather more 


— 24 

very visibly less than last, and seemingly 
less than former 

H 

3"* 24 

Small — sep. near inch pos. Same if it 

rested at bottom 2 or 3" 

A, B,C 

D" 


H 

D“ 



3 18 

sensibly less. 

Trials of same kind 

as those of [Art. 487]. 

I closed in 65'' 

H in 55" Trial plate E in 35" 

L 

20 

B 20 F 7 

K 

20 

A 20 Large trial plate for H 

C 35 Small — 


EXPERIMENTS, 1773t. 

494] Spreading of electricity on surface of glass plates, 

4 plates of English glass were cut out of same i)iece and coated with 
bits of tinfoil of the same size. One of these plates was covered at 
different times with thick solution of lac, which ran into heaps in drying, 
another with transparent varnish which also ran into heaps, another 
with solution of lac and Vermillion which lay smooth, and the other left 
as it was. 

They were all done in the end of the summer and suffered to dry 
in the open aii\ The spreading of the electricity on their surface was 
tried in the manner described 1772, p. 22 [Aiii. 48C]. 

Tu. Oct. 13 [1772]. Th. G3. N. 20f. C. - 7. 

D of Nairne, corks closed immediately. 

G do. in cera. in 3" or 4". 

Plate with lac closed immediately, sep. again in 3" or 4". 

Lac and verm. D”, but much more. 

Transparent varnish same as lacquer. 

Plate not varnished closed immediately, sep. again in 6" or 6". 

* [See Art. 668.] 

f [This is the heading of this bundle of the Journal, though many of the dates 
belong to 1772.] 
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495] To see whether the machine used for trying Leyden vicds* eon- 
ducted fa^t 

The lieavy and li^ht paper cylinders being both hung to conducting 
wire, and globe t turned till heavy ones sejiarjited, the light ones closed in 
r. 1" after the others when the conducting wire communicated with 
machine, and about 1'. 20" when it did not. 

49C)] Tlie plate covered with solut. lac was undone, and that and 
the plate not varnished were lacquered in Nairne’s manner, one with 
Vermillion, the other without. Neither of them were dried after the 
operation. 

The old Lac and Vermillion and the transparent varnish were dried 
before fire, heat uncertain. 

Frid. Oct. IG [1772]. Th. G3. N. 20. . C. - 10. 

The two plates lacquered in Nairne’s manner discharged the elec- 
tricity of the jars presently. 

Lac and verm, in manner closed in about 10", 

Transparent varnish uncertain, from 5" to 20". 

Sat. Oct. 17 [1772]. The last varnished plates being dried before 
fire. Th. Gf). N. 21. C. - 7. 

lac and vermil. closed in 2" or 3", did not sep. in 1'. 

2 ].)“ closed rather sooner. 

Transparent closed and sep. again in about 4", 

Tu. Oct. 19 [1773$]. The varnished glasses were baked over stove, 
the heat being hejit for 2 houi*s at about 170. 

Wed. Oct. 20 [1773$]. Th. G4. N. 22. C. - 5. 

Lac verm, closed in about 15", 

Old lac & verm. 1>". 

^l^ransj)arent in 1 or 2". 

1)'^ rui)bod with cloth, closed and sep. again in 1 or 2". 

’On Wednesday, the varnished plates were baked for above 2 hours, 
the heat the greatest j)art of the time about 210, but part of the time 
the o rose a little way into the ball. 1 suj)pose must be at least 235 or 
210 . 

Fr. . Th. GO. N. 22. C. - 5. 

Transparent closed and sep. again imined. 

Lnst lac & verm, closed & sep. again almost immed. 
iHt j)o closed and sep. again in about 2". 

497] Glasses for exper. on spreading of elect, 

9 plates of English glass & 8 of Nurembei-g coated with plates of 
same size. 

Sun. Oct. 24 [1773$]. Th. 63. Comm. -6. N. 21^. 

Closing of corks, 

* [Art. 295.] 

t [Of electrical machine.- See Arts. 248, 663, 668, 669.] 

X [Probably 1772. See Note to Art. 602.] 
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E. 9 closed in about 

8 rather sooner. 

7 D«. 

6 

5 D® 4, 3, 2, 1 D® 1 did not scp. in 1'. 

N 8 closed and sep. again in less than 2" but did not sep. much. 

7 closed in 1 or 2" but did not scp. again soon. 

6 closed presently and sep. again more tliaii 8. 

6, 4, 3, 2, 1 D® but seemed to sej). at first, to sep. more before 
it began to close, it was j^os. after closing. 

Sun. & Mon. N 1, 2, 3, 4 tfe 8 were baked with heat from 130 to 
200. Tlie tinfoil of the lowest plate was blisUu*cd. 

Sun. Th. G2. Com. - 15. N. 18. 

E 2, 3, 4, 5 closed in about 2", 2 and 3 sep. again in 30 or 4[0]. 
E 1 closed not quite so fast. 

E 9 not baked closed in about 7", 7 G in about 4", <k 8 in about 
3". 

The 5 baked Nuremberg immediately separated wide, some without 
closing first, others with. 

N 6 closed and sep. almost immediately, 7 closed and scp. almost 
immed. but did not sep. wide. 5 closed and scp. again in 5" or 7". 
N 8 washed witli sp‘" of wine did not close so soon as before. 

N 8 <k E 4 were washed with sp wine & a little ros. varnish & then 
varnished with rosin. 

Sun. eve. Th. GO. Com. -20. N. IG. 

E. 4 did not close in 1'. 

N. 8 closed in 2 or 3". 

N. 3 closed and sej). again immed. 

N. 8 & E. 4 were then cased in soft cement. The plates N. 1 
& E. 3 were varnished with lac varnish, the plates N. 2 &; E. 2 
with a mixture of G parts of varnish tk 1 of vermilion, & afterwards 
baked for about 5 hours with a heat part of the time up to 200, and 
most of the time above 150, & N. 3 E. 5 were varnished in the 
same manner, and then cased in a cement comi)osed of 14 of rosin to 
12 of brick dust. N.B. E. 5 was heated in drying the varnish to a 
great degree, so as to make it smoke violently. 

Wed. Nov. 4 [1772]. Th. 59. N. 16’. C. - 18. 

E. 4 closed in about 4", 

E. 5 in 3" or 4". 

N. 8 closed and sep. again in 3 or 4". 

N. 3 seemed to do the same rather sooner. 

Er. Nov. 6 [1772], the plates E. 1 and N. 4 were varnished with 
rosin and the plates E. 2 <k N. 2 varnished with a mixture of 4 j)arts of 
rosin varnish to 1 of vermilion & afterwards baked. They were a good 
deal heated both in varnishing and baking, so as to be somewhat 
blistered. 
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The plates E. 3 N. 1 were also varnished before then and dried 
before fire. 

« 

Sat Nov. 7 [1772]. N. 5 and E. 8 were varnished with rosin, and 
N. C and E. G varnished witli 8 parts of solut rosin & 3 of vermilion, 
and then baked for about 2 houi*s with heat which part of the time rose 
to 146, but commonly did not exceed 130. 

Sun. Nov. 7 [1773*]. Th. 63. Com. -2. N. 22J. 

N. 3 closed and sep. wide immed. 

N. 8 closed & sep. again in 2" or 3". 

N. 6 ratlier slower. 

N. 5 closed and sep. wide immed. 

N. 4 more so. 

N. 2 D**. 

N. 1 D". 

E. 6 closed in 3 or 4". 

E. 8 closed and sep. again in 2 or 3" about 1 incli. 

E. 3 closed and sep. wide immed. 

E. 2 

E. 1 closed and sep. again in about 1'. 

E. 5 closed in about 2". 

E. 4 did not close in J min. 


498] Order in which the elect. 
N 

6 rosin & verm, last done 
8 in soft ceni. 

- , o (varnished with ros. last 
( done and hard ceni. 

1 ty (rosin alone, 2 

^ (rosin and verm. P* 

4*21 of tlie lac varnish 


sj)read. 

E 

4 soft cement 

6 rosin and verm, last done 

5 hard cem. 

8 rosin last done 

1 rosin alone 

2 & 3 ros. and verm. 1"‘ ros. alone P‘ 
contains 1 2 gra. of lac. 


Th. Nov. Th. 58. Com. - 13. N. 19. 

N. 8 in soft cem. closed almost immed. sep. again in 3 or 4". 
E. 4 in D® did not quite close in 1 min. 

E. 8 in ros. closed and sej). again almost immed. 

E. 6 ros. and verm, closed and sep. Avidc immed. 

N. 5 ros. more so. 

N. 6 ros. <k verm, same as E. 6. 

Th. Nov. Th. 58. Com. -7. N. 21. 

E. 4 at first approached a little nearer, afterwaixis did not. 

N. 8 closed and sep. again in about 

E. 2 Lac and verm, closed and sep. wide immed. 

E. 3 Lac. not so soon. 

N. 2 Lac and verm, rather quicker. 

N. 1 Lac. 

* [Probably Nov. 8, 1772. See Note to Art. 502.] 
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E. 1 not varn. closed in about 8". 

N. 4 closed and sep. again in about 2". 

f 

499] Sat. Nov. E. 8 N. 5 were varnisliod with ros. 

it E. 6 & N. 6 were varnished with 8 parts of soliit. rosin & 3 of 
Vermillion. They were afterwards baked over boiling water for about 
2 hours, tlie heat between 115 & 120. 

Sun. Nov. E. 1 & N. 4 were varnished with 6*0 of thick 

sol lit. lac, 3*3 of verm. <k 19 of and E. 2 ifc N. 1 were varnish(;d 
with 6*0 of solut. lac, 4*16 of verm. & 9 of spK The quantity of this 
last mixture spread on the glasses was 8*0. 

Mon. Nov. 16 [1772]. Th. 52. Com. —11. N. 19.\. 

N. 1 closed in 1 or 2", sep. again in about 4. 

E. 2 did not quite close in 1 min. 

E. 1 nearly the same. 

N. 4 nearly the same as N. 1. 

E. 6 closed and sep. again immed. 

N. 6 do. 

N. 5 not quite so soon. 

E. 8 closed and sep. again in about 3". 

N. 8 in soft cem. same as N. 1. 

N. 2 not covered^ closed I’ather sooner and sep. rather more than 

N. 1. 

E. 3 closed in about 5", did not sep. in ^ min. 

500] Trials of quant, cl. in Leyden vials, &c. 


The following plates were coated as follows*. 



^[ean 

Diam. 

Comp. 

Log. 


tliick. 

coat. 

power. 

D\ 

Thick white 

! *2115 

! 2-252 

23-98 

1-3799 

Thin D" 

•104 

i 2-234 

48 

1-C812 

N 

' *106 

; 2-136 

43-04 

1-6339 

O 

i *106 

1 2-522 

i 59-99 

1-7781 

P 

; *127 

' 2-87 

; 64-87 

1-8120 

Q 

1 *076 

. 2-082 

57-04 

1-7562 

(Jr 

•1848 

3-596 

i 69-97 

1-8449 

White plate 

•172 

! 3-444 

68-98 

1-8387 

Crown C 

•0659 

3-45 

180-6 

2-2567 

A 

•0682 

3-51 

180-6 

2-2568 

Thick rosin 

•4845 

3-760 

29-18 

1-4651) 

2"'* do. 

•195 

3-374 

58-37 

l-7662HSee Art. 514] 

3'^‘‘ do. 

•103 

4-247 

1751 

2-2434) 


Two trial plates were made with two plates of glass with rosin be- 
tween, for comparing thick rosin with the double plates A and B. 

Two trial {)lates were also made on a |3iece of the white plate glass 
for comparing N and thin white with D + E. 

* [See Arts. 370,371.] 
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501] Sat. Oct. 17 [1772]. Th. 65. N. 21. C. 7. 


Plates tried. 


t Add it. Trial 

wire. plate. 


D of Nairne 
varnished with lac 
G of K ill ccui[entj 


E D** 

E 

G 

D 

ros. plate 

D 

Thick ros. 
Doiib. plate B 
Thick ros. 
Douh. pi. B 
D 

Thick white 



10 


B 


18 i A 
7 ; A 

3^ small 


1 J ; lar^e 
1 ^^ ! 

3i A 

i A 


sep. a little pos. 

rather more 
much the same as D 
or rather less 

did not sep. 

scarce sejiarated 

sep. a little 
1)“ 

I)° 

very little 
less 
sep. 

D'* 


Inc. el. 
answering 
to addit. 
wire. 

1*58 

0 


407 
1-58 • 
•79 

•40 

•79 

1*58 


Hence it should seem that the plate D contained about 1*0 inc. el. 
less than the jilates E or G, which is nearly contbriuablc to p. 20, 1772 
[Art 489]. 

The thick rosin plate seems to contain just the same as doub. pi. B, 
and the 2"^ rosin plate to contain 2*49 inc. el. loss than D. The thick 
white seemed to contain *79 iiic. el. less than D, 


502] Q and P com}mred loith M and .K of Nairne, also green 
cylimler L and lohite cylinder compared loUh plates of Nairne by means 
of sliding trial plates, 

Mon. Oct. 18* Th. G4J. K 17^. C. - 15. 

[13 observations, Art. 000.] 

[Result.] Therefore K seems to contain 5 inc. cl. less than M, 
conformable to 1772, p. 20 [Art. 489]. 

Q contains IG inc. less, and P 10 less. 

The comp, power of white cyl. =537*5, and [it] appears to contain 
750 inc. el. Therefore inc. el. by comp, power — 1*41. 

* [As the records of the actual observations in the following articles are of pre* 
cisely the same nature as those already given, they will he omitted, and as the 

author has summed up the results fur each day, these statements only will bo given, 
except in cases of more than ordinary importance. According to the day of the 
week and month the dates for these experiments should belong to 1773, but as the 
experiments seem continuous with those of dates before and after which ore cer- 
tainly in 1772, 1 think Cavendish made a mistake in the day of the month which 
he did nut find out till 4^** November.] 
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The comp, power of green cyl, is 318 - 2 , and [it] appears to contain 
540 X inc. el., therefore inc. el. by comp. i)Ower - 1 . 62 *. 

f 

503 ] 1 ** and 2 *^ green and ichite cylinder and white jar compared 

ivith H o/ Nairne in usual manner, 

[12 observations.] 

[Jlesult.] Hence it shonhl seem that the white ‘cyl. contained as 
mucli el. as It ; the 2"‘^ green contained 45 inc. el. more tliaii H ; the 
jst green nncertaiii, and the wJiite jar seemed to contain 74 inc. el. more. 


504] Trials of the same cylinders and jar in same manner except 
that in trying the lohite jar and, green cylinder the plate M of Nairne 
was placed on the neg, side as an additional trial plate. 

Sat. Dec. 5 [1772]. Th. 56. N. 20. 

[13 observations. Art. 660.] 

[Tlesult.] Hence 1** green cylinder should cont. 135 inc. cl. more than H 
2"*^ 56 

white cyl. 7 

white jar 88 


By means of this and preceding page, the quant, el., comp, power 
and quant, el. by coiiq). power are as followst ; 


P‘ green 
do. 

white cyl, 
white jar 


Quant, el. 

Comp, power. 

%1'iiaiiib. t;i. 

by cornp. power 

1170 

GOO-7 

1-84 

102:5 

COO 

1-70 

076 

C84-1 

1 - 4:5 

1060 

C80-7 i 

1-56 


505] The quant, el, in the 2 coated globes was tried by putting the 
white cylinder and the sliding plate on neg. side. 

[6 observations.] 

[Result.] Therefore 3 seems to contain [circ.] inc. el. 

Truds of jars used in the sort of experiments: [Art, 240] tried hy 
putting a sliding plate loith or without the white cylinder on neg, side, 

Th. Dec. 3 [1772]. Th. 55. N. 22. 

[6 observations.] 

[Result.] Tliere seems some mistake in the 3"* exper., therefore if 
we make use only of those exper. in which they sep. pos. the jar for 

(neg. side more than H ; 

(pos. side 0 ^ 


* [These measures of specific inductive capacity must be multiplied by 5*1. Sec 
note to Art. 46*2.] 

t [See Art. 383.] 
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id est 


1134 

972 


inc. of el., but if we made use only of the other exper. it 


would be 


neg. side li33 
pos. side 1043* 


50G] Tiiah of the 4 large jars, the jars hehig •placed on the •mg, 
side. 

Fr. Dec. 4 [1772]. Th. 69. N. 19-^. 

[8 observations.] 

[Results.] By mean 

jar 1 equals w. cyl. +g. c. 2 + B + + 5, 6 =3184 

n 

jar 4 w. c. + g. c. 2 + B + - + 5 - 10 = 2G75 

a 

jar 3 w. c. + g. c. 2 + g. c. 1 + B + 5 — 7^ = 3G35 

jar 2 w. c. + g. c. 2 + + 5 - IG = 3050 

507] Trials of the 5'* and 6'* trial plates, the trial plate being 
placed on neg. side. 

Result. Therefore trial plate 6-56 = H. 

[Trial plate] G - 18 rather more than C'. 

By mean G - 18 = 0, and trial plate 5 — 17 = C. 

The trial plate 4 is on same plate as 5, and the area of one division 
on it is to that of 5 on trial plate 5 as 1 *8® to 9. 

•508] lliick white, 2”** rosin, D and F of Nairne, and the two double 
plates together, compared together, also thin white with D and E and D 
and F. 

Sat. Dec. 5 [1772] in evening. Th, 56. N. 28^. 

[24 observations.] 

N.B. Before these exper. were tried, the jilatos E and F were freed 
from cem[ent] and coated afresh with plates of same size. The plate D 
was also treed from the varnish and coated afresh, and the trial plate B 
was freed from cement and coated with rather larger plates. 

Hence it should seem that thick ros. contained 11 inc. el. less than 
the doub. plates A or B, id est 18 *2 inc. el., that the thick white con- 
tained same as D, id est 36 inc., and that 2“^ ros. contained 2 '03 inc. 
less, id est 34 inc., which differs very little from p. 12 [Art. 501]. 

509] Whitish plate, P, Q, *0, old G and thin rosin compared with 

M, 
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Sun. Doc. 6 [1772]. Tli. 54. N. 20. 

[19 observations. Art. 655.] ^ 

[Result.] By these exper. the two double plates should contain 
about 1*13 inc. el. more than D, that thick white contaim!<l same as D, 
that the 2”*^ rosin contained 2*26 less, that the thin white contained *45 
less than D + E, and that N contained 1*81 less. 

Sunday evening. Th. 57 J-. N. 17.|. 

[18 observations.] 

510] Crown A and C compared loith A, B and C of Nairne, 

Mon. Dec. 7 [1772]. Th. 55. N. 181. 

[10 observations. 

21 observations of spreading of electricity on the diUcront plates.] 

By the above exper. Crown A and C sliould contain 15 inc. el. less 
than A. 



511] Whether the shock from the plate air was diminished hj 
changing the air hetween them hy moving them horizontally^* 

Sat. Dec. 18 [1773 1]. Th. 60® N. 23J. 

It was tried whether shock in charging plate air was sensibly di- 
minished by moving the 2 plates horizontally, and thereby changing 
the air between them in the manner represented in figure, where AB 
represents the two 8-inch brass plates with sealing wax between them 
suspended by the silk strings AC and BD, 

AE and BF are silk strings fastened to the frame on which lower 
plate rests, and passing over wire hooks E and and stretched by 


[See ArU. 345, 51C.] 


f [Probably Dec. 19, 1772. Sec Art. 502.] 
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weights so that the plates would move from E towards F and rest in 
any position. 

The electrifying wire was sus 2 )eiKled by the string G with a counter- 
poise. 

The plates were electrified, holding my finger to bottom plate, they 
were theji moved 24 inches by lifting up the weight M, and then dis- 
charged by holding my little finger to lower jdate and touching ujiper 
plate with brass knob held in the other hand. I coidd feel a small pulse 
in little finger, having tried this I electrified and discharged the jdates 
in same manner only without moving them first and endeavouring to 
preserve the same distance of time between the electrification and dis- 
charge. I was not able to perceive any difference in the feel. I en- 
deavoured to ascei-tain the time by the vibrations of a pendulum, but 
without mndi success. It seemed needless, however, as I could perceive 
scarce any difference in the sensation whether I discharged it imme- 
diately or waited as long as when the j)lates were moved. The usual 
time between the electrification and discharge was about 2}/\ 

The experiment was also made by Kichard, who did not perceive 
any difference. 

The heavy paf)er electrometer was used. The bits of scaling wax 
between the jdates were those made in 1771 [Art. 457]. 

612] Whether globe included within hollow globe is overcharged by 
electrifying outer glohe^. 

It was tried whether the globe enclosed within hollow paper globe 
was overcharged when the outer globe was electrified. 

This was first tried by making the 2 hemispheres slide on 2 sticks of 
glass by means of 2 tin hooks and a stick of glass fixed to the back of 
the hemis 2 )here. 

The wire by which it was elect, was suspended about 4 inches above 
the hemispheres while the vials were charging. It was then let down, 
and it was so contrived that the same motion of the hand which lifted 
up again the elect, wire, lifted up the wire which connected the inner 
globe witli the outer, drew back the hemisidieres, and drew up the pith 
balls fastened to a stick of glass till they touched the inner globe. 

It was found that if the elect, of the hemispheres was discharged 
befoi’e they were sei)arated, but after the communication between thorn 
and the inner globe was taken away, that the pith balls did not sep., 
but if they were sei)aratcd before their elect, was discharged, then tho 
pith balls would at first sep. about an inch or so, but quickly closed, 
whereas if tho inner globe was electrified after tho hemispheres were 
separated, it was found to be a great Avliile before tho jjith balls closed. 
It was found that this was owing to the sticks of glass on which the 
hemis 2 )heres slid being electrified thereby, as the same phenomena were 
l»roduced by electrifying those sticks when the hemisi>heres were taken 

* [See Exp. i. Art. 218.] 
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N.B. These sticks were not covered with sealing wax, and as ap- 
peared by this ex per. suffered the electric, to run along them pretty 
readily. The stick of glass run through the gltbe had all that part 
without the globe covered with scaling wax. 

513] The same thing tried hy a better machine. 

Wed. Dec. 23 [1772]. Th. 52®. N. 18}. 

The exper. was tried in a different manner, the hemispheres being 
fastened by sticks of glass covered with sealing wax within wooden 
frames turning on hinges. 

If the pith balls were made to sep. pos. about 1 inch before the ^lobo 
was elect, they sejiarated l i or two diameters on touching the globe. 
If they separat(id only 1 inch before touching, they did not sep. at all on 
touching the globe. If they se[)anxted negatively 1} or 2 inches before 
touching, they did not se]). at all after touching. 

The event was just the same whether the wires for discharging the 
elect, of the globes when separated were placed so as to touch the 
hemispheres as soon as they were sep. an inch from each other, or 
whether they were placed so as not to touch them till they were sepa- 
rated almost the whole distance. 

N.B. Each hemisphere was drawn back about 11 inches from its 
first situation. 

It appears from hence that the inner globe was a small matter over- 
charged, but not enough so to make the balls sep. unless they were 
before positively electrified, so that the redundant fluid in it could 
hardly bo of that which it would have received by the same degree 
of electrification if the outer hemispheres had been taken away, and 
probably not more than J as much. 

[Exyer, 

514] These rosin plates were made out of a mixture of 4 parts 
rosin and 1 of bees w ax mixed together with a considerable heat, towards 
the beginning of the year 1771. Towaids end of 1772 some round 
plates were cast out of this by gentle heat, which were pared to a proper 
size -and shape and then pressed out bctw(?en bniss i)hit(is heated in 
wooden box over furnace (the tin lining being not then made), the bits 
of tinfoil were at first fastened on by just wetting it in a few places 
with gum w'^ater and sticking it on, but as this was found not to do 
well,, the bits of tinfoil were afterwards rubbed with mtdted wax and 
fastened on by keeping them some time pressed with slight weights with 
fiannel between them. 

515] 1*^ and 2”** sliding plates compared with double plate B, also 
P, Q and O and thin rosin. Old (t and lohitish plate compared with D, 
E, F, am/’M. 


[See Arts. 337, 373, and 300.] 
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Tlio and sliding coated plates wore compared with double 
plate 13 [6 observations]. The 25 div[ision.s] on sl[iding] pi [ate] were 
measured by using briss plate 3 inc. by 1^ and 9 div. of the tinfoil. 

2 trial }>lates were made for plates M itc. out of a white glass hemi- 
sphere [8 observations. Art. 65 6.] 

Fr. Dec. 25 [1772]. Tli. 49. N. 20. 

[19 observations, and 3 on insulation. Art. 656.] 

By this exper. with trial plate Q contains inc. el. le.ss 

than* D, E & F, P less, O less, old Cr less, whitish plate 

n r less, and thin rosin I less. 

9*0 ’ l/*2 

By mean P contains 9*5 less, O 5*8 less, old G 5*1 less, whitish plate 
7 less, thin rosin 16 less, and Q *3 less. 

Tho wires u.sed in tJio machine were all cleantid between this ex- 
periment and tho next. 

516] Whether the cfuirge of plcite air is diminished hy changing the 
air between them by lifting up the upper plate 

In oi'der to try whether in electrifying plate air the electricity was 
lodged in the air or in the plates, the two brass 8-inch plates were 
placed on each other with supports of sealing wax to keep them at 
about *4 inc. distance from each other and placed on the machine t with 
the end M of the wire Mm resting on it ; the ui)pormost plate beii\g 
fastened by a stick of waxed glass and 3 pieces of silk to the end of 
a lever so that it could be lifted up and down, it was also contrived 
so that in lifting up the plate tlic wire Mm was fij-st lifted up from 
it about ^ inch, for fear that if Mm rested on the jilate when lifted 
from the under one, some electricity might escape from tho ends of 
the wire 735, &c. The third sliding trial plate was put on the negative 
side. 

If the wh*e Gc was lot down and up immediately without lifting 
up the upper plate, the pith balls separated negatively very little with 
18 divisions of sliding plate. 

If the wire Gc was let down and immediately drawn up half way, 
but not drawn quite up till the upper plate had been drawn up and 
let down again, the balls separated very little more. 

The event was the same also if the trial plate was drawn out so that 
the balls should separate a little positively, 

' The upper plate was lifted up 2 or 3 inches. The sliding plate was 
let out to 1 2 divisions that the balls should separate positively. 


[See Arts. 341, 511.]- 


t [Art. 295.] 
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517] Ti'mU of iilate air 1, 2, 3 and 4. [See Arts. 341 and 068.] 

Two plates of glass 11 J inches stpiare were cofJted with tinfoil about 
11*4 inches diam. a slij) of tinfoil extending from the coating to the other 
side. These plates were ]ilaced upon each other witli coated sides 
to[wards] 4kch other and kept asunder by 3 supports of .sealing wax, 
tlie su})ports being placed a little on outside of coated part anti tried 
in the usual manner. 

Sum Dec. 27 [1772]. Th. 50. N. 18. 

[4 observations.] 

Mon. Dec. 28 [1772]. Th. 53. N. 17J. 

The exper. tried in same nianner cxce])t that only 1 corner of the 
under plate rested on machine, the rest being supported by 2 wooden 
pillars, the places where it was supported being nearly under wax 
supports. 

[15 observations. Art. 668.] 

By this exper., plate air 1 contains 1 inc. el. more than D, plate 
air 2, •! inc. el. less than D + E, and plate air 3, lOj inc. less than 
D + E + F. 

Wed. Dec. 30 [1772]. Th. 55. K 15. 

The supports of plate air 3 altered aji<l called plate air 4. 

[12 observations.] 

One of the pith balls was destroyed by accident, and another put 
in its room. 

The plate air 1 was made to rest intirely on machine. 

[3 observations.] 

By this exper., plate air 4 contains 1 inc. el. loss than D + E + F, 
jdate air 2, 1 incli less than E + F, and plate air 1, 1 inch more than E. 
It should seem also that the wire J//n contained 2 inches less el. when 
the plate rested intirely on the machine than when it rested on it only 
by one corner. 

The thickness of these plates of air was found by laying those plates 
on bracket fastened to dividing machine’’^ with or without wax sup[)orts 
between them, and finding tlie division at which tlie new machine stood 
right, the knob of the new machine resting on the mid<lle of upper plate, 
and the under plate being supported under the wax supports. By this 
means the tliickness of these i)lates of air were as follows : 

plate 1 = -910 

2 = *420 

3 = *288 
4 = *256 

* [Arts. 341, 459. 601.] 


M. 


17 
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Some experiments were made by putting bits of tinfoil between 
the plates whether the glasses were flat, and consequently whether the 
measures thus found Vere true. It seemed as if when the plates lay 
on each other the middle of the coatings could not want more than -002 
or *004 of touching, but it did not appear that it wanted so much, and 
it seemed as if the outside did not want anything of touching, so that 
the above measures seem pretty just. 

The diameter of the coating was 11*4. 

The above coatings were taken ofi* from these plates of glass, and 
coatings 6 *254 in diameter put in their room, these with the small wax 
supports placed between them is called plate air 5. 

N.B. 8 folds of the tinfoil used for these coatings was found to be 
yJij- inch thinner than the same number of folds of that used for former 
coatings, so that this plate air is about *003 thicker than plate air 4. 

The coatings were also taken from thin rosin and coatings 4-525 
put in their room. 

A plate of pure lac was also pressed out ‘125 thick, and the coatings 
used before for thin rosin put on, which were found at a medium 4*23 in 
diameter. 

Two plates of dephlegmated* bees wax pressed out the year before 
were also coated. 


N.B. The bees wax was heated veiy hot in dephlegmating, and 
melted with gentle heat when cast into plates. 

The thickness of the of these plates was . 3 Q 3 > and the 


diameter of their coatings 


2-74 
3*78 ■ 


518] Lac plate and 4^^* rosin compared vnth D + E + F; also thin 
wax with E + F ; also thick wax and plate air 5 with D. 

Mon. Jan. 4 [1773]. Th. 51. N. 17. 

[23 observations.] 

By these exper. Lac plate contains l|mc. el. more than D + E+F; 
4‘** rosin from 3 inc. more to 2 inc. less, by mean much the same as 
D + E + F ; thin wax 4 inc. less than E + F ; thick wax 2^ less than D ; 
plate air 5 J more, and 1"* made rosin ^ more. 

In the preceding experiments the plates of rosin &c. were exposed 
to the heat of the fire during trials, which seemed to cause an irregularity. 
To avoid that, in the following days* experiments the plates were laid on 
table at same distance from fire as the machine for some time before they 
were tried, and a screen was placed between all of them (except plate air) 
and fire while trying. 

519] Lac and 4“* ro^n with D + E + F ; also thin wax with D + E ; 
{dso thick waXf 2"’^ rosin and 1"* made rosin and plate air 5 with F. 

* [Art. 375.] 



520] ELECTRIC STRENGTH OF LAC, ROSIN AND WAX. 


250 


Tu. Jan. 5 [1773]. Tli. 50. N. 17. 


By these cxper. 4^** rosin contains from 2 inc. more to 2^ less than 
D + E + F ; by mean, the same as D -i- E + F. 

Lac from 4 more to \ less, by mean 2J more than D + E + F. 

Thin wax from 4 leas to 1 less, by mean 2^- less than D + E. 

Thick wax 3 less than F. 

2"** rosin, 1| loss, plate air 5 more, and 1"* made rosin same as F. 

N.B. The 1*‘ made rosin was made of the same proportion of rosin 
and bees wax as the otliers, but not of the same parcel: it is uncertain 
how much it was lieated in making the mixture. 


Result of the exper. on plate air. 



1 Diam. 

Thick. 

Comp. 

pow. 

Inc. 

eL 

Inc. el. 
by comp, 
pow. 

Do.* 

8x12-1 

Inc. el. 
diam. 

Last col. into 
excess preceding 
above iiiiily. 

plate 

11-4 

•910 

143 

37 

•259 

1-34 

3-25 

1-11 



•42 

310 

71 

•229 

1-18 

C'23 

1-12 

J{rd 


•288 

451 

974 

•216 

111 

8-55 

•95 

4 


•256 

508 

107“ 

•211 

109 

9-39 

•84 

« i 

6 254 

•259 1 

151 


•210 

1-24 1 

5*80 

1-39 


520] Brealcing of electricity through thin •plates of lac^ e,vper. rosin 
and dephleg. bees wax. 

Thin plates were pressed out of lac, experimental rosin and de- 
phlegmated bees wax, very thin at one end and tliicker at the other. 
The tinfoil was stript from one side of these plates but the other left on, 
and was listened to a piece of glass witli gum water, and a piece of 
tinfoil fastened to the under side of glass communicating with the other. 

These plates were placed on [the] negative side of the machine with 
wire 8 bearing against bottom and a flat piece of brass at top on which 
wire 13 was suflered to rest. TJie machine was electrified in usual 
degrtie, and the bit of brass shifted from thicker to tliinner part, till 
the electricity broke through the plate and discharged the jars. 

A piece of the plate with the tinfoil under it was then cut out 
of the size of the brass plate, as near as possible to the place where the 
electricity broke through, and the thickness of the plate found by 
weighing it and also the tinfoil after the plate was separated from it. 

The thickness of the plates thus found was as follows!, the specific 

* [See Arti 343. The inches of electricity are circular inches, and to reduce 
thorn to globular inches must he multiplied by 12*1, the diameter of globe, and 
divided by 18*8, the diameter of a circle which has the same charge. The com- 
puted power here is the square of the diameter divided by the thickness, and this 
must be multiplied by 8 to get the computed power as defined in Art. 311.] 

+ [With the “ usual degree of electrification *’ Lane^s electrometer discharged at 
*04 inch. See Art. 329. The electric strength of wax, rosin, and lac is therefore 
about three times that of air.] 

17—2 
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[521 


gravity of 


[wax \ 
•Jrosinl 
(lac ) 


beii^g 

supposed 


( -955 
Jl-OG 

(M4, 


wax at place *0130 
2"'* *0123 

rosin *0131 

lac *0143 


521] 2Vie quantity of electricity in a Florence flask tried with and 
without a magazine. 

The quant, el. in a Florence flask was tried by putting it on negative 
side, and some of the jars &c. on the other, the battery of 6 Florence 
flasks being used instead of the jars. 

With the P‘, 2"*^, 3"* jar with sliding plate 6-40 sep. ncg. rather more 
than 1 diam. 

4 jars + white cyl. sep. a little pos. 

1, 2, & 3 jars 4-6-48 D" neg. 

Sat. Jan. Th. 56. N. 19. 

The same thing tried again in same manner 

with the 4 jars and white cyl. sep. about 1 diam. pos. 
with 1, 2, & 3 jar ueg. 

4 jars 4- white cyl. D** pos. 

Tried without mag. 

With 4 jars and white cyl. sep. at 1*^ about 1 diam. but soon closed, 
with 1, 2, it 3 jar sep. a good deal neg. 

with 1, 2, & 3 jar 4- wh. cyl. 4- gr. cyl. 2 after a time sep. near 1 diam. 
With 4 jars and the 2 cyl., sep at P a good deal, after a time sep. about 
1 diam. 

Sun. Jan. Th. 56. N. 21. 

A coating of tinfoil to a part of the Florence flask out of water. 

With 4 jars 4- wh. cyl. 4- gr, cyl. 2 sep. rather more than 1 diam. 

The case wSs much the same whether wire was suffered to rest at 
bottom 2" or 3", or less than 1". 

With 4 jai*s + wh. cyl. + 6-16 sep. less than 1 diam. 


With 1, 2, & 3 jars +6-16 neg. 

Without mag. 

With 4 jars sep. a little neg,, increased after a time to fiill 1 diam. 
By the P‘ nighPs experiments the flask contains 12126 inc. el. 

bythe2“‘‘ 11694 

and by the 3*^ 11495 

Without magazine by 2*“*‘night it contained 13205 inc. el. 

The true (quantity is supposed 11700 



523] 


FLASK CHARGED A LONG TIME. 


2G1 


522] Computed power of above flctsh 

The diameter of the flask at the surflice^of the water in tin 
pan on Saturday was 1*7 ; the height of that part above the bottom 5*1 ; 
the height of top of tinfoil coating above bottom 6*55 ; and the dia- 
meter of that place, *68 ; and the circumference at the oddest part 13. 


The weight of that part under water was 1 .. 2 7*, and that of the 
part between that and the top of coating was 2 .. 4. 

If the spheroid agdm does not dilTer much from a sphere, and ab 

does not difftii* much from ac/, the surface 
afea is nearly equal to the circumference 

j 2ah-\-gm . r 

of gm X ah x — — , tiie •< thick ness oi 

(comp. pow. 

the part under water was ■<•( and that 
of the part above 




(5-3 

\ *0170, 
( 375 


and the comp. 


power of the whole part below top of coating G575, the specific gravity 
of the glass being srq)posed 2*08. 


Therefore inc. cl. by comp. pow. = 1*78. 


523] As it appears from the above experiments that the Florence 
flask contains more electricity when it continues charged for a good 
while than when charged and discharged immediately, it was tried 
whether the white globes would do the same. 


This was done by putting the globe 3 on positive side and the white 
cylinder and trial ])late G on negative side, and first charging and dis- 
charging them in the common manner, and then discharging tlie ma- 
gazine and charging it again, while the end c of tlie wire Cc rested on 
^5, while the end 0 was prevented from resting on Aa by a silk string. 
Wlien the magazine was charged, and had continued so for a little time, 
the end G was let down on Aa and the wire Gc immediately drawn up 
again so as to discharge the globe <fec. The event was as follows. 


ill common way, 
globe elect, first, 
in common way, 
globe elect, first, 


wh. cyl. + G — 20 
+ 0-21 
+ 6-47 
+ 6-48 


sop. near 1 diam. pos. 
1 >\ 

D‘' ncg. 

m 


By these experiments the globe contains 45 inc. el. or about less 
when electrified in the common way tlian when charged before the rest, 
which is as much as is contained in 1 inch in length of the uncoated i)art 
of the neck (the whole neck being 1^ inches), so that supposing the 
experiment exact it seems as if the globe contained rather more elec- 

* [Troy weight.] 
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[524 


tricity when it continued charged a considerable time thaji.when charged 
and discharged immediately'^. 

524] Diminution of shock hy passing through different liqum'8\. 
Tried in November [1772], 

The electricity was made to pass through 42 inches of a saturated 
solution of sea salt in a tlierniometer tube of a wide bore, and the two 
jars charged in such manner as that a slight shock should be lelt in [the] 
elbows ; it was then made to pass through rain water in a tube of a rather 
greater capacity, and the electricity made rather stronger. The wires 
were obliged to be placed within *18 of each other in order to feel the 
shock in the same degree. Therefore tlie electricity meets with more 
than 230 times the resistance in passing through rain water than salt. 

The above jars were electrified till light paper cylinders began to 
separate, and the shock made to pass through a tube filled with rain 
water. The wires w'ere obliged to be brought within *48 inches of each 
other in order that the shock should be just felt in the elbows. 

When the same tube was filled with saturated solution of sea salt 
diluted with 29 its bulk of rain water, a much greater shock was felt 
when the wires were at 16^ inches from each other. 

Therefore electricity meets with much more than 34 times the re- 
sistance from rain water than from a saturated solution of sea salt with 
29 of rain water. 

When the same tube was filled with kitchen salt in 1000 of rain 
water, the wires must be brought within 4*4 inches; with pump water 
within 2 inches, and with spirit of wino almost close ; therefore the 
resistance of 

Q u • ^ 1 ^ 00 A 4 . 1 -(1® less than that of rain water. 

S. salt in 1000 of rain watei-f |9 

Mon. Nov. 16 [1772] with straw electrometer. With sea water a 
shock was felt when the wires were 19 J inches distant ; with rain water 
w’hen they were at about *19 inches distant. Therefore resistance of sea 
water is about 100 times less than that of rain water. 

G 

JL C=D 


6 

525] Exper. Whether force with which two bodies repel is as squa/re 
of redundant fluid in th&m%, 

* [These phenomena are connected with the * residual charge.’ A careful investiga- 
tion of them has been made by Dr Hopkinson, Phil, Trana.^ Vol. 167 (1877), p. 699.] 
t [This is the first experiment on electric resistance.] 

X [Arts. .*586, 66.*1, 667.] 



525] REPULSION AS SQUARE OP REDUNDANT FLUID. 2G3 

Tried by pith balls hung by threads. 

A and B are the coated plates A and B, the^^ottoms of which com- 
municate with the ground, 2) and d are two bits of wood resting on 
them, supporting the pith balls JS and e. 6^ is a bit of wood for making 
a communication between them. The wire for electrifying the plates 
rests on B, and is so contrived that when that is lilted up the wood G 
is let fall on the plates. 

The pith balls E had bits of wire made to run into them in order 
to increase their weight. 

A paper with divisions was placed 6 inches behind the pith balls 
and a guide for the eye 30 inches before them. 

Tu. Oct. 26 [1773]. Th. 60. Com. -6J. N. 21^. 

One of the balls E with its string weighed *5 gr. and its wire 1 *4, the 
other ’Ogr. and its wire 1*7. 

The two balls and strings together — the weight of one of the strings 
weighed 1*05 gr., the weight of the string about *05, the weight of the 
two wires together was 3*2. 

When the wires were taken out of the balls E^ and a communication 
made between the two plates, while the electrifying wire rested on B^ 

fl*2 (1*25 

then when balls e sep. » balls E scp. • 

The wires were put into balls E and the jars electrified while the 
electrifying wire rested on B, When the balls E sep. 1*3 inc. the 
electrifying wire was lifted up and the electricity of the i)late8 taken 
away, immediately after w^hich the electrifying wire was let down and 
immediately drawn up again when the balls e separated to 1*44. The 
electrifying wire being then let fall on B and suffered to remain, the 
balls E separated to 1*14. 

The jars were charged, and the electricity diminished by alternately 
drawing up and down the electrifying wire and discharging the elec- 
tricity of the plates till the balls e separated to 1*2; then letting the elec- 
trifying wire rest on j?, the balls E separated to 1 *08. 

Wed. mom. The new heavy electrometer made with large wood 
ball and pith ball separates when the balls E separate to 1 *52, and new 
light electrometer separates when the balls e separate to 1*44. 

When balls e separate to 1*44, balls E separate to *96. 

The new heavy electrometer above mentioned separates about J or ^ 
inch when old light cylinder electrometer just separates. 

Remit of time experiments. 

Balls E without weight separate farther than balls e with the 
same degree of electrification. 
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[526 


1.09 

If balls separate | with 1 part of redundant fluid, balls of J weight 
1’5 ' 

separate ^.25 1 redundant of fluid. 

If balls of given weight separate 1 *5 with given degree of electrifi- 
(jation, balls of 4 times weight sepamte -96, therefore if balls of given 
size are electrified in given degree, the distance to which they separate 

is inversely as ^ | power of their weight. 

1’5 

Therefore, in last pai’agraph, if balls of given weight separate ^ 25 > 

1*9 1*22 

balls of J their weight will separate to 1 .Qg > therefore if balls of 

given weight with given quantity of redundant fluid separate to given 
*475 

distance balls of weight separate to same distance with half 

that quantity of redundant fluid. 


520] Whether the charge of plate E hears the same proportion to 
that of another bodt/ ivhether the electrification is strong or weak: tried 
hy machine for Leyden vials. 

Wed. Oct. 27 [1773]. Th. 61. Com. N. 20J. 

Plate E of Nairnc on neg. side against sliding tin plates placed at 
(aid of long wire [20 observations]. 

Pesult. Therefore with light electron!, the plate E is balanced 

. - 14*03 +• 8*1 i 

by a square of + a? = 1 1 *1 + .r, 

, ,, 10-00 + 

with heavy el. by — _ h a; — 11 -21 + a;, 


10*59 + 11*23 
2 


+ X — 10*91 + X. 


The plate E is balanced by 37 inc. el. 


527] Plxdn wax awl 3*^' dephleg mated wax with E + F and 5‘’‘ rosin 
tcith doidde plate A and B. Also small ground crown with I) + E + F, 
and large do. \cith C. 

The coatings were taken oflT from 4*’’ rosin, and coatings 1*79 inc. 
diain. put in their room. This is called rosin. 

A plate of dephlegmated bees wax was also made [*120]* inc. thick 
and coatings put on 3*525 inc. in diam. This is called 3 dephlegmated 
bees wax. 

A plate of plain bees wax was also pressed out [*119]* inc. thick 
and coatings put on 3*475 inc. diam. 

* [These measures are left blank in. the Journal. I have supplied them from 
Art. 371.] 
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LIGHT ROUND EDGE OF COATING. 


2G5 


A piece of thick ci’own glass was procured from Naime about ‘26 
thick and ground down equally on both sides to About -07 inc. thick. 
Two circular coatings were put on, one 3*54 inc. indiam. the otlier 2*035. 

Wed. Jan. Th. 5G. N. 27J [16 observations]. 

528] K, L and M com>pared with D -f E + F cd distance and close 
together; also large ground cronm with C and small one with D + E + F ; 
also Srd dej)hlegmated wax and plain wax loith E + F; also 5tli rosin 
with double B. 

Friday, Jan. 29 [1773]. Th. 3^. N. 16^. 

Tried with middle sized cork balls and a new white large trial plate 
[18 observations. Art. 656]. 

529] K + L + M compared loith A, B, and C ] also A + B + C icith II. 

Sat. Jan. 30 [1773]. Th. 50^^. N. 16J. [20 observations. 

Art. 657.] 

530] K 4- L + M compared loith B with electrification of different 
strengths. 

Sun. Jan. 31 [1773]. Trial plate F enlarged. 

[14 observations with light and heavy electrometer alternately. 
Art. 656, 658.] 

531] K + L4M with A, B, and C; also D + E + F with K, L, a9id 
M ; also small ground cro wn with K, L, and ; and D + E + F and large 
ground crown with A, B and C and K + L + M. 

Mon. Feb. 1 [1773]. Th. 48. N. 16. 

[20 observations. Art, 657.] 

532] On light visible round edges of coated plates on charging 
them*. 

Mon. Feb. 1 [1773]. Th. 48. N. 16. 

Some coated glass plates were placed on pos. side and electrified in 
usual inaimer in dark room in order to see whether any liglit was 
visible round their edges. With the plates M and L of Nairne and 
with the sm.all ground crown glass a light was visible round the edges 
when the light electrometer was used, and nearly equally so with the 
large ground crown glass. The light seemed of the 2 leather stronger 
with the plate F and A of Nairne ; no light* was visible when light 
electrometer was used, but it was with the heavy electrometer, 

533] Croum A and C and Iwrge ground crown with C; also 3^** 
dephlegrnated wax, plain wax and sliding plate 3 xinlh E+ F; also 
2 double plates with E, F, and D. 

* [Art. 307.] 
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Mon, evening. Th. 53. N. 15. [25 observations. Art. 655.] 

5341 Charge of Hite triple plate — the three platee A, B and C plcLced 
over earn other, with hits of lead between coatings*. 

The three plates A, B and C were placed over one another with the 
coatings nearly perpendicularly over each other, with bits of lead between 
them, so as to keep them at the distance of f inches from each other. 
This compound plate was tried in the usual manner. 

Tu. Feb. 2 [1773]. Th. 50. IST. 17^. [9 observations. Art. 677.] 

535] Whether the charge of plate D hears the same proportion to 
that of another bodg whether the charge is strong or weak : tried with 
machine for Leyden vialsX, [Art. 664.] 

Th. Feb. 4 [1773]. Th. m. ISi. 13J. 

Tried with smallest cork balls and the light straw balls as electro- 
meters. 

The plate D placed on the neg. side and the sliding tin plates at 23 1 
inc. dist. from wire. 


Div. on 

el[ectrometer]§. 

Div. on 
sliding plate. 


Side square 
equiv. to 
tritii jdate. 

Diff. 

Sum. 

1 + 3 

2- 2 

4 17 

sop. neg. 
B'* pos. 

1009 

10-70 

6-61 

26-79 


Tin plates at 17 J inches dist. 


1 + 3 

4 

18^ 

B® pos. 

17-42 

6-88 


2 

5 

D® nog. 

11-54 

3 + 1 

3 

4 

li 

15‘ 

D® neg. 

D® pos. 

12-06 

15-68 

3-62 

1 + 3 

4 

18* 

D® pos. 

17-42 

5-88 


2 

5 

D® neg. 

11-54 

3 + 1 

3 

u 

D® 

12-06 

3-88 


4 

15^ 

D® pos. 

15-94 


28-96 

27- 74 

28- 96 
28-00 


The same repeated with neg, elect. 


3 + 1 

4-16 

D» 

15-68 

3-62 


3 

n ■ 

D* neg. 

12-06 

1 + 3 

2 

4i 

D» 

11-31 

5-63 


4 17| 

D® pos. 

16-94 


27- 74 

28- 25 


* [Art. 380.] 
t [Art. 366, 664.] 


+ [So in MS.] 

§ [Divisions and quarter divisions.] 



538] SPREADING OF ELECTiaCITY. 267 


536] H wUh alita and a cromn glass with oblong coating compared 
with white cylinder; also A and C with slits compajicd with B. 

The coatings were taken off from the plates A, C and H, and oblong 
coatings with slits put in their room ; an oblong coating without slits 
was also put to a piece of crown glass, vide Measures [Art. 593], 

Tu. Feb. 9 [1773]. Th. 50. K 12J. 50 observations. Art. 660. 

These plates were tried with middle cork balls. ‘ 

Spreading of eL on surf 

A <k C. Balls at first sep. wider. Closed in about 10". 

B. D®, but rather sooner. As it was supposed that this pro- 
ceeded from the wii’es not conducting ready enough, the machine was 
moved slower, there was then but little of this and B was a great while 
before it closed, C about 5", H a great while. 


It was suspected that this increase of separation of the balls before 
they closed was owing to the wire designed to carry off el. to earth* not 
conducting fast enough. To try this, the next evening a long wire was 
insulated, and the cork balls hung to it. It was electrified sufficiently 
to make them sep. about an inch. They closed instantly on touching 
the wire with a bit of iron either communicating with wire for carrying 
oft* el. to ground, or whether it was only held in the hand. The air was 
as dry as the night before. 

537] Grown with slits and H with D® compared with white 
cylinder; and A and C with oblongs compared with B f. 


The coatings were taken off from the plates A and C and oblong 
coatings without slits put in their room. The coatings were also taken 
from the crown glass, and oblong coatings with slits like those put to C 
put in their room. 

Fr. Feb. 12 [1773]. Th. 49. N. 

[34 observations, Art. 660.] 


538] Experiment of p, [Art. 535] tried with small ball blown 
to the e'Khd of a thermometer tube, 

A ball rather less than \ inch diam. was blown at end of glass 
tube and was coated on outside with tinfoil, the inside being tilled 
with 5 . This was used instead of plate D in exper. to see whether 
charge of Leyden vial bore the same proportion to that of another body 
whatever force it was electrified with. It was found that 12 inches of 
this tube when coated contained as much el. as K + D, and therefore 
the spreading of the el. inch on surface of this tube increases its charge 
by ^ D, whereas the spreading of el. on surface of D increases its 

charge by ^ D. 


[Art. 258.] 


+ [Art. 321.] 
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Th. 49. N. 13J. Tin plates at 17 inches from wire. 



** With electrometer at 1 + 3. 



Div. on 


Fiquiv. to 

Diff. 

Snm. 

sliding plate. 


ti‘ial plate. 

4 22 

scp. about 1 diam. pos. 

19 : 

5-9 

321 

3 3^ 1 

D® neg. 

131 


With electrometer at 3 + 1. 



3 6 

4 m 

D" 

14-3 

171) 

3-6 

32-: 


FHnged rings on plate of crown glass tC*c. * 

Sat. Feb. 13 [1773]. 

It was found on looking at the plate of crown glass that there were 
narrow fringed rings of dirt all round the edges of the coatings, the space 
between these rings and the coating being clean. This was supposed to 
be done by the explosions. 

The distance of these rings from the edge of the coating seemed 
nearly the same both within the slits and without, but of the 2 seemed 
less within the slits. The mean distance seemed about *105 inc. which 
seems to shew that the electricity spreads pretty nearly the same both 
within the slits and without. 

Something of this kind has been frequently observed in the sliding 
trial plate 1 and sometimes I believe in some of the coated glass plates. 

Sun. Feb. 14 [1773]. Th. 49. N. 17. Last exper. repeated. 

[At 1+3, Sum — 29*6, at 3 + 1, Sum — 28*3. Plate D gave 26 and 
27*5 respectively. See Art. 664.] 

539] Experinmit to determine lohetJier the charge of a Ley dm rial 
hears the same piroportion to that of another body when elect, is very 
weak as ichen it is strong 

AB is a tin cylinder 14 feet 8*7 inches long and 17*1 inches in cir- 
cumference. J)C is a brass wire 37*1 inches long and *15 in diameter; 
both sup]>orted by non conductors; with the middle sized cork balls hung 
at D. 

FE communicates with the prime conductor and is charged till light 
paper electrometer separates. A bi-ass wire is suspended by silk, so as to 
be made alternately to touch E and DiJ. 

Mon. Feb. 15 [1773]. Th. 55. N. 22. 

The cylinder AB and wire DG were electrified negatively till the 
balls separated about 1 diameter. On touching DG twice with the wire, 
the corks separated about as much j)ositively. 

The wire was 27*6 inches long and *15 in diameter. 


[Art. 


+ [ See Arts. 358, 666, and Note 26.] 
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lane’s ELECTROMETEn. 
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A 



B 


The cylinder AB was tlien taken away and tlie plates D and E 
placed under the wire 7>6\ The wire was obliged to be changed for one 
20*8 inches long to exhibit the same phenomenon. [See Art, G6G.] 

Tu. Feb. IG [1773]. Th. 57. K 20. 

Same exper. repeated. 

Cylinder touched twice with wire 31 inches long; changed from about 
1 diam. neg. to D” pos. 

D and E with wire 24 inches 
cyl. with wire 31 D®. 

cyl. with 27^ did not. [See Art. 666.] 

640] Lane^s electrometer compa/red with straw arid paper electro- 
meters. 

In the afternoon. Th. 56J. N. 19. I tried the distance to which 
the spark would fly by Lane’s electrometer. 


Divisions on 

Distance. 


electrometer*. 

[Lane.] 


0+ 6 

Knobs touched 


0 + 48 

•027 

Straw elect, sep. 1 + 3 

1+ 6 

•038 

2+ IJ 

1 + 15 

•044 

2 + 2| 

1+20 

•047 

2 + 3 

1 + 25 

•051 

3 + OJ 

1+27J 

•053 

3+1 

1+ 6 

•038 

light paper elect, just sep. 

25 + 28 

knobs at *965 inc. dist. 


[Revolutions and 60**^ parts of a revolution. 

One revolution = *038 inch. ] 
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541] Crotm and H vnth slits compared vnth white cylinder ; also 
on the excitation of electricity hy 8 e 2 )aratlng a brass plate from a glass 
one. ^ 

Wed. Feb. 17 [1773]. Th. 55. N. 21. [G observations, Art. 6G0.] 
Fr. Feb. 19 [1773]. Tb. 53J-. N. 181. 

A plate of glass ll j- inches square, coated with tinfoil 8 inc. in 
diameter, was supported on waxed glass. A brass plate 8 inc. in dia- 
meter was supported over it by silk strings in such manner as to lye 
on the plate perpendicularly over the tinfoil, and to be drawn up till 
it touched a piece of wire supported on waxed glass with the middle 
sized cork balls suspended from it. This was done in order to see how 
much of the charge of the i)late was contained in the coating. 

It was found that though the plate was not electrified, yet on lifting 
up the brass plate the balls separated some inches if the tinfoil commu- 
nicated with the ground, but if it did not communicate, the balls, as 
well as I remember, separated considerably less. 8ome bits of thin silk 
thread were jdaced between the glass and brass plate. 

In the afternoon. Th. 54. 'N, 17~. 

The experiment repeated with bits of card between the glass plate 
and brass. 

When tinfoil I with ground, balls sop. about 

(did not commun./ ® ^ 



When there was nothing between the glass and brass plate, they sep. 
1 ‘4 inc. whether the tinfoil communicated with the ground or not. 

In all these cases the brass plate was negative. 

The glass plate was found to be pos. if the tinfoil did not communi- 
cate with the ground, but I could not perceive it to be at all electrified 
if it did communicate. 

The next morning the experiment was repeated, but the balls sepa- 
rated much less than before. The temper, of tho air was much the 
same. 

542] It was tried whether when three tin plates 1 foot square were 
placed near to and parallel to each other, the line joining their centers 
being perpendicular to their planes, the middle plate would receive 
much electricity on electrifying tho plates*. 

The experiment was tided with the same apparatus and nearly in tho 
same manner as the experiment with the globe f, except that the two 
outer plates were suspended by two sticks of waxed glass turning on 
hinges. The wire too by which the plates were electrified was made 
so as to touch all three plates at the same time. Four bits of sealing 

• [Exp. VIII., Art. 288 and Note 23.] f [Art. 218.] 
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wax were stuck to the middle plate, two on each side, to prevent the 
outer plates coming too near. 

Sun. Peb. 21. Th. supposed about 55. N. 20 

If the bits of sealing wax were of such size that the distances of the 

{ 1*15 

the middle-sized cork balls separated 


The light paper electrometer was used in this experiment. If the 
globe 2 was electrified in the same degree, and its electricity communi- 
cated to middle tin plate electrified by one of 

these jars (the two outer being drawn aside) and the cork balls then 
drawn up against the plate, they separated about , 

jst ^ ^ . . rs 

In the 2 nd electricity of the globe was diminished -j ^ [times], 

rt*15 

and therefore when the outside plates were at the quantity of elec- 

tricity in the middle plate was about of what it would have received 
by the same degree of electrification if j)laced by itself. 


543] Charge of A, B, and C laid on each other ivithout any coat- 
ings between; also charge of 1®* themnormier tube. 

The coatings were taken from the 3 plates A, B and C of Nairnc, 
and the plates cleaned and placed one on the other without anything 
between them, and stuck together by dropping some melted wax on 
the edges. The outside surfaces were then coated with circles 6*6 inc. 
diam. This is called Triple Plate*. 

A thermometer tube was coated with coatings 11 inch long, tho 
inside being filled with with wire let into one end, and the ends 
stopped with cement. The tube was 12*7 inc. long; weighed 1 .. 3 .. 0, 
and the bore held 22 gra. of water, the specific gravity of a piece of 

117 

the same tube weighed twice over was ^’^* 

N.B. The comp. pow. of this tube is about 90^. 

This is called Tube If. 

Mon. Feb. 22 [1773]. Th. 53|. N. 20^. [8 observations. Art. 675.] 

544] Lane's electrometer compared with straw and paper elec- 
trometer ; also charge of plate rosin with brass coating made to present 
spreading of electricity, 

• [Art. 380.] 


t [Art. 382.] 
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EXPERIMENTS, 23 FEB. 1773. [545 

Lane’s elect. Bev[olutious.] Divpsions.] 

Light paper just sc|p. when [Lane’s] el. at 1 13 

Straw at 1 + 3 0 54 

3 + 1 1 36 

Knobs touched at 0 


A plate of rosin and bees wax of the same proportions as for expcr. 
rosin was cast of the shape of figure, ABDG and ahed being brass plates 



2*45 in. diam. their distance before the rosin was poured in being 
about ‘12 iiic. 

Tu. Feb. 23 [1773] in afternoon, the rosin plate being cast that 
morning, the hygrom. as well as 1 remember being about 22. 

[4 observations, comparison with E.] 

Wed. Feb. 24 [1773]. Th. 54. K. 20. [4 observations.] 

Spreading of electricity on surface. 

Eosin closed in about 7", sep. again in 35. 

E was irregular. 

545] Second thermometer tube; also comparison of charge of cy- 
linder used in [Art. 539] unth D + E. 

A thermometer tube whose length was 22*1 inc., weight = 2, 17, 21 
and weight water which filled bore 14 gra. was coated with tinfoil 15*5 
long, coiiseq. comp, power = * the spec. gra. of a part of the same 

tube being 3 -243. 

Fr. Feb. 26 [1773]. Th. 52. N. 20 J. 

The cyl. used in [Art. 539] compared with the plates D and E, 
the wire Mm of machine being drawn out to 39 J inches, and resting 
on the cylinder as in that experiment. A sliding trial plate on neg. side. 

[6 observations. See Art. 666.] 

546] Charge of second therrmmeier tube; also that of rosin plate 
with brass coating ; also that of A, B, and C laid on each other witiumt 
coatings between, [10 observations. Ai-t. 675.] 

The same things were tried the day before, Th. 55, K. 17J, but the 
wire for making communication between machine and ground was 
forgot to be fixed. [14 observations. See Art. 666.] 

547] t The quantity of electricity in Plate D compared with that 
in a tin circle of 36 and another of 30 inclics diameter by means of 


[So in MS.] 


+ [Arts. 350, 664.] 
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ilie machine used for comparing simple plates^ ^ the trial plate being a 
tin cylinder inches long^ and * *t in circnwference^ fastened to 
the end of the usual sliding tried plcde^, with an^bther cylinder of the 
same size sliding vrithin it. 

Tried with elect, of usual strength and with the middle sized corks. 

Also the double plate A compared with the circle of 18J inc. 

Wed. March 3 [1773]. Th. 50. N. 21, [16 observations.] 

548] Charge of plate of experhnmtal rosin designed for compound 
plate of glass and rosin; tr ied both when warm and udten cold%, 

A plate of experimental rosin near 8 inches square was pressed out 
between two glass plates with tinfoil coatings fastened on by oil, the 
lieat being such that it required very little weight to press out the 
rosin. 

The thickness of the plate was much less toward one end than the 
other, varying in difrcreiit parts of the coated [date from *137 to *108, 
but the mean thickness was *122. 

It was coated with circles of tinfoil 6*01 in. diameter. 


Its charge wtus compared with tliat of the plates K, D and E of 
Nairne by means of a sliding trial plate made of the plate t of Nairne. 


Sat. March 0 [1773]. Th. 55.V. N. 17. 


K + D + E 
ros. plate 

In the afternoon. Th. 574. 

ros. plate 

K + D+ E 


Tr. si. pi. 

24 

S(q). nog 

19 

.D“ pos. 

191- 

1)‘‘. 

24>. 

D" ncg. 

N. 16. 

19.V 

sop. pos. 

2r>.v 

D*’ neg. 

25" 

D\ 

19 

D\ 


The rosin plate was then warmed before the fire between two glass 
plates with flannel between them and the rosin till it would not support 
its own weight without^endiug. As soon as it was strong enough to 
bear its own weight it was compared as before. 

rosin plate 20^ sop. pos. 

26 did not sep. 


In about 2 or 3 hours after, when it was quite cold it was tried 


rosin 

25 

sep. neg. 


19 

D** pos. 


18J 



2H 

D” neg. 


* [Art. 240.] t [So in MS.] 

M. 


+ [Arts. 381, 678.] 
18 
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549] Whether charge of glass j)late is the same when warm as when 
cold. ^ 

The same afternoon the charge of a glass plate when hot and cold 
was compared together in the same manner. 

The glass was 1 1 J inches square, used for j3i!pinus experiment* coated 
on one side with a circle of 8 inc. diameter, and a brass plate of same 
diameter used for the other coating. 

The glass and brass plate were both lieated before the fire till almost 
as hot as I could bear my hand ou, and then tried by the help of the 

sliding plate, when the breadth of the sliding plate was required 
to be 57 in order that it should sep. jjos. 

After the plate was cold it was tried again, the breadth of the sliding 
plate was obliged to bo 3G. 

Hence it would seem as if the charge both of glass and of rosin 
plate was the same when hot as when cold, the small difierenee between 
tliem being most likely owing to the electricity spreading more on the 
surface of the warm plate than of the cold one. 


550] Croion with slit coatings ami H toith oblong compared with 
white cglinder ; also second thermometer tube with D + K + F, 

The slit coatings were taken from H and plain coatings, G’03 square, 
put in their room. 

Sun. March 7 [1773]. Th. 56. N. 15. 

Straw elect, at 2 + 3, which is equivalent to light paper electrometer 
[4 obs.]. Elect, at 3 + 1 [6 obs.]. Elect, at 1 + 3 [7 obs. Art. 660], 

' Mon. Mar 8 [1773]. Th, 54, N. 141. [4 obs.]. 


551 ] Quantity of electricity in plate D and rosin with brass coatings 
compared with that of tin circle of 36'^ and one of 30" by machim for 
trying simple plates\; with different degrees cf ehctvificationX. 

Tu. Mar. 9 [1773]. Th. 51. N, 15, 

The exper. of p, 78 [Art 547] repeated, only using square tin plates 
of different sizes made ta fasten on to sliding cylinder instead of the 
sliding trial plates. 

The tin circles and the square plates both supported on silk. 

Straw el. at inner marks N® 2, 


[Arts. 134, 341, 517.] 


t [Art. 240.] 


[Art. 664.] 
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Square Inc. cyl. 
plate. drawn out. ^ 

circ. 36" 5 24 sep. a little neg. 

— 3 11 D" pos. 

E 1 26 1)‘». 

5 9 T)" neg. 

rosin 3 17 D”. 

1 4 D*" pos. 

circ. 30" 1 20 I)*' pos. 

3 28 D“ neg. 

El[ectroiiiotcr] at outer marks. 

circ. 30 3 20 D‘». 

1 29 jr pos. 

circ. 36 4 34 D" nog. 

2 28 !)■’ pos. 

E 4 21 ^ D” neg. 

2 24 D". 

Tlie^ electricity was found to break through the rosin plate when 
elect riHed with this strength, but there was no hole made in the plate, 
as it was found not to break thi*ough after that with the weak degree 
of electrilication. It seemed not to pass over the surface, as no light 
was perceived. 

552] Charge of conijwund j)late of glass and rosin, 
llio rosin plate of p. 79 [Art. 548] witliout its coatings was included 
between the plates B and 11 of Nairne and the outside surfaces coated 
with circles 6*6 inc. diaiu. and is called Compound Plate. 

Til. Mar. 11 [1773]. Th. 53. N. 17. [4 comparisons with K.] 

Er. Mar. 12 [1773J. Th. 53^. K 13^. [20 observations, Art. 664.] 


553] Circle ri/’18U' compared with double plates^ also plate D, plate 
air and the two double plates compared with circles of 36" and 30". 

A sliding trial i)latc was made of deal, with an additional piece to 
fit on, the breadth was 31 inche.**, the length when nob drawn out, and 
without the additional piece, was 15, and the additional piece increased 
the length 10^ inches. 

The Jiiimber in the 2‘^‘' column shows the number of inches by which 
the sliding piece is drawn out. 


Circle 30 
on silk 

D® on glass 


D“ on silk 


3. 




Iiic. el. 

Diff. 

Mean. 

12-5 

n 

30 

27-3 
34-3 “ 

•8 

26-5 

335 

70 

30 0 

M-7 

4 

36 

27*9^ 

35-6 

10 

28-9 

36-6 

7-7 

32-7 

11-3 

36 

24*6 

32-9 

1-7 

26-3 

34-6 

8-3 

30-4 

15-7 

H 

38 

27*3 
361 ^ 

1-9 

29-2 

38 

8*8 

33-6 




E 

Circle 30' 
on silk 


18-7 


8 33-9 0 33-9 


18-2 



276 EXPERIMENTS, MARCH, 1773. [554 

Til. Mar. 9. [Electrometer] At inner marks. At outer marks. 



Biff. 

Mean. 

Diff. 

Mean. 

Circle 36" 

11*6 

35*6 

5*8 

36*3 

E 

12*2 

32*5 

6*9 

33*2 

Circle 30" 

11*4 

30*4 

7 

30*8 


March 12. [14 observations.] 

Sat. Mar. 13. Th. 55. N. 12. [12 observations. See Art. 649.] 
Mon. Mar. 15. Th. 54. N. 14. [15 observations. See Arts. G49, 655.] 


554] The smm with addit four small rosin plates. 

Four plates of rosin and bees wax were cast 4 inches square and 
about *22 thick and coated with circles 1*8 in. diam. A tin trial plato 
was also made 6 indies long and 5 broad. It is called N. The plates 
of rosin were connected by liits of brass wire like that used for con- 
necting the two double plates. 

Fr. Mar. 19. [20 obs. Arts. 649, 651.] 

Tu. Mar. 23. [21 obs. Art. 649.] 

Wed, Mar. 24. [22 obs. Art. 649.] 

655] Sun. Mar. 21“‘ [1773]. Th. about 55. K about 15. 

It was tried whether the 4 rosin plates contained the same quantity 
of electricity whether they were placed close together or at a distance, 
and what is to be allowed for the connecting wires, &c. 

This was tried with the usual machine*, the rosin plates being placed 
on the positive side and sliding plato 3 on the negative side, the sliding 
plate remaining always at the same division, the small variations of the 
charge being found by the additional wire. 

They were tried in 5 different ways. 

1*^ way. The plates placed close togctlier near the end m, the usual 
wires V resting on the plates, with the connecting wires put on the 
plates, 

2 way. D° without the connecting wires. 

3”* way. The connecting wires suffered to remain, and also one of 
the wires F, hut the 3 others removed towards end My ^jlaced at 4 inches 


[Art. 295. See Art. 337.] 
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distance from each other, and supported in their usual situation by silk 
strings. ^ 

way. Tlie same, except that the 3 wires V were taken quite 

away. 

5“' way. The rosin plates ])laced at as great a distance from each 
other as p«)ssible trl est * inches! with the usual wires T, but without 
the connecting wires. 


Inc. el. 
on addit 
wire. 


O”’ way, with connect. | 
wires, usual ones > 0 
removed to end ) 

4“' way, without usual . ) 

wires j| 

1“^ way, with connect- j 
ing wires and usual > 1 
also .1 

2"‘* way, without con- ) 
necting wire jj 
6*’* way, removed to ] 
distance 1/ ^ 


[ Sliding 
plate. 

1 

! Ine. p 1 . 
on addit. 
1 wire. 

Sliding 

plate. 


3. ..It 

scp. pos. 

1 

3...12i> 

D** neg. 


D** 

2 




D° 

2 




D** 



\r 


J)0 

^2 




556] Whetim* charge of white glass thermometer tube is the same 
when hot as w/ien coldf. 

Sun. Mar. 21 [1773] afternoon. Th. about 55. N. about 15. 

A ball about 1 inch in diameter was blown at the end of a thermo- 
meter tube with a bulb 4-3 inches above. This was filled with ^ suffi- 
cient to rise into the bulb. The tube was coated 3 ’4 inches from the 
ball with gummed paper di})ped in salt water and bound on with iron 
wire. This ball was placed in a glass of 9 surrounded with iron filings 
and placed on machine near J/, and heated by a spirit lamp, the § in 
wliich the ball was immersed being made to communicate with the 
ground, and a bit of iron wire bound round the wire Mm being dipj^ed 
into the 5 bulb. 

The crown glass plate * and the plate A of Nairne, which was 

coated as a sliding plate, being put on negative side. 

The column being the number of square inches which it was 
necessary to give to the coating of the sliding plate in order that the 
balls might sop. pos. and the 2'“* column that they might scp. neg. The 
charge of the crown glass plate being equal to that of the sliding plate 
when its coated surface is 33 square inches. 


[So in MS.] 


t [See Art. 366 and Note 26.] 
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Sep. pos. 

Sep. neg. 

< 

1 Heat of $ in which ball was immersed. 

12*9 

29*4 

cold 

15 

33 

170 

21 


210 

26*6 


270 [fast. 

29*4 


300 elect, passed through glass pretty 

31*8 


305 passed through much faster. 

29-4 


290 

19-G 


235 

17*2 


IGO 

14-8 

33 

145 

12*9 

30*6 

cold 


Ta. Mar. 23 and Wed. Mar. 24. [43 obs. Art. G49.] 


557] Allowance for connecting wires in p, SG. [Art. 554.] 

The allowance to be made for the charge of the connecting wires 
was endeavoured to be found by sus|)ending tlic two circles of 9*3 inc. 
horizontally by silk lines at 1 1 inches distance fi-om each other and 
finding their charge by means of the forked electrifying wire as in 1772 
p. 7 [Art. 472], both when the plates were connected by a wire similar 
to that used for connecting the rosin plates, and without any connexion. 

The event was as follows. 

Fr. Mar. 2G‘‘' [1773. 8 obs. See Art. C47.] 

2 *- 

Therefore the plates conttiin about square inc., or 1*41 inc. el. 
more with the connecting wire than without *. 

Sat. Mar. 27 [1773]. 

It was tried by usual machine wln^ther the 4 rosin plates contained 
more el. wlien at a distance than near. The trial plate II ul est the 
largest trial plfite used for D eSj" being placed on neg. side. 

With a quantity of additional wire --to Oi inc. el. the balls sep. pos. 
when the plates were at as great a distance as possible. When they 
were placed close togetlicr they seemed to require rather more additional 
wire, and as well as I could judge, a quantity ^ about J inc. el. 

558] Excitation of electricity hy separating brass plate from glass 

one. 

Sat. afternoon. Th. 60. N. 9. 

The experiment of p. 71 [Art. 541] was repeated. It was found that 
the brass plate was el(jctrifi(*d on lifting up as before, though the plate 
was not electrified before. 13 ut if the plate was first charged and dis- 
charged again before the plate was lifted uj), it was found to be stronger 
electrified. 

I then took a piece of tinfoil of the same size as the brass pljite, with 
a silk string fastened to it near the edge, and laid it on the glass and 

* [Soo Art. 647.1^ 
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lifted it up gently by the silk striAg. The tinfoil was found to bo 
electrified thereby. 


559] Comparison of Ilenlj/a, Lane^s^ 
aval straw electrometer. 

Sun. Mar. 28 [1773]. Th. about 58. 
N. about 8. 

The two conductors of Nairne were 
plrtccd end to enil, and Henly’s elec- 
trometer placed on that furthest from 
globe* ]>arallel to conductor and the 
cork pointing from globe. The four 
jars were also joined to tlie usual wire 
with the straw electiometer hung to 
it, the wire and jai-s being placed at 
such a distance from the conductors 
that the electricity was found not to 
how sensibly fr<»ni them to the jars. 

The globe 3t was then apj)li<Ml to 
that comiuctor nearest the globe and 
electrified till Ilenly’s electrometer 
stood at 90®. The globe 3 was then 
removed from the conductors and its 
electricity cornniunicated to the jars J. 

The straw electrometer se])arated 
to 2 + 

The experiment was repeated several 
times and was found to agree together 
pretty well. 

The jars were then electrified, they 
and the straw electrometer standing in 
the same place, and it was found that 
Lane’s electrometer fastened to one of 
them discharged at 0*53^ witli that de- 
gree of electrification, the same jar being 
applied to the conductor and electrified 
till Henly’s electrometer stood at 90®, 
Lane’s discharged at 12*15. 

The conductors being then taken 
away and the jars and straw electro- 
meter placed in usual position, Lane’s 
discharged at 1*17 when straw stood at 
2 + 3, and at 1 + 2 when light paper 
electrometer just separated. The knobs 
touched at 0*4. 



[Henly’s Electrometer, from tho 
original figure, PhiL Tram, 1772, 
p. 35y.J 


* [Of Nairnc’s electrical machine.] 

+ [Globes 2 and 3 are glass globes coated as Leyden jars. Sec Art. 505 for 
their charges.] 

X [For tlio charges of these jars see Art. 500.] 
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Sim. eve. Th. 58. N. 8. 

Tlie globe 3 electrified till ITcnly stood at 90®, and its electricity 
communicated to 1, 2, and 3 jai*s, straw electrometer separated to 
2 + If. Lane’s with that degree of electrification discharged at 1*7. 

When Heiily’s stood at 90®, Lane’s discharged at 12*20. 

Jar 2 clnu’ged till straw electrometer sejiarated to 4, and electricity 
comiiiiinicatcd to jar 1, straw separated to 2 + 

When straw electrometer separated to 4 Lane’s discharged at 2*0 

2 + J *52 

2 + 3 1*19 

ligl 1 1 paper just separa ted 1 * 1 


560] ExcenH of reduiuhtni fluid on ^wsitive side above deficient fluid 
on negative side in glass plate and plate air <L*c.* 

Mon. Mar. 29*»* [1773]. Th. 58. N. 7. 

The 11 J inch plate coated with circles of 8 inches diameter was 
supported on waxed glass. I charged this by touching the top with a 
vial charged till the straw electrometer separated to 2 + 3 while I 
touched the bottom with a wire. At the same time an assistant stood 
ready with a bent wire in his hand i*cady to discharge it as soon as I 
took the jar away, the wii-e was fastened to a stick of waxed glass and 
had the pair of cork balls commonly made use of hanging to it, the cork 
balls separated about 1 inch. 

I thbn charged the jar 4 to the same degree and communicated its 
electricity to the jars 1 & 2 and touched the upper side of the plate 
with one of the jars, but without touching the bottom with the wire. 
The corks separated very neai’ly the same as before, but of the 2 rather 
more. I then charged the jar till the straw electrometer separated to 
2 + 2 and diminished its electricity as before, the corks now separated 
rather less than the firat time. The experiment was repeated several 
times with very nearly the same event. 

I could perceive no difference in the separation of the cork balls 
whetlier the wire of the jar with which I touched the plate was 
17 inches long or only 2 J. 

If the four jars were charged to 2 + 3 and its electricity communi- 
cated to globe 3, it was diminished to 2 + 2. 

The plate air 4 was charged by jar charged till straw electrometer 
stood at 2 + 0, and if jar 4 wjis charged to the same degree and its 
electricity communicated to jar 2, the corks separated the same if bottom 
was not touched. 

With plate air 1 the charge was obliged to be reduced by coramuni- 
• [See Note 30.] i 
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cRting jar 2 to jar 4 to make tbe same separation when bottom was not 
touched .as when it was. , 


Tu. Mar. 30 [1773]. Th. 56. N. 8. 

The same experiment was repeated, only putting a piece of sealing 
wax with marks on it supported by glass about 3 indies lielow the 
corks to serve by way of comparison. 


Compound plate 
of [Art. 552] 
Plate Jiir 1 
Plate air 4 


Jar 1 commun. 
2 + 1 to 2 + 4 
jar 1 to 2 
2 + 1 1 to 2 


2 + 1-J 
2 + 1 
2 


The second column is the distance to which the straw electrometer 
separated in charging jar with [which] the plate was electrified when 
the bottom was touched in order that the cork balls should separate 
equal to marks on wax. The third column is the ratio in which the 
electricity of the jar was diiuiiiishod when the Ixittom was not tomfiied, 
and the fourth column shews the degree in which the jar was electri- 
fied (as cxpre.ssed by distance to w'hich the electrometer separated) in 
order that the balls should separate to the rofiuired distance. 

N.B. The paper of divisions used for the electrometer was different 
from that used before, but the divisions nearly of same strength. The 
marks on sealing wax used for conijiound plate were nearer than those 
for plate air. 

The jars 1, 3 & 4 being charged till straws separated to 3 + 0 and 
the electricity communicated to jar 2, they separated to 2+1, and the 
electricity of jar 2 being destroyed and the electricity of the othera 
again communicated to it, they separated to 1 + 3 *. 

Therefore diminishing the electricity in ratio of 95 to 126 diminishes 
distance to which the balls separate in ratio of 126 to 165, or diminish- 
ing the electricity in ratio 1*33 to 1 diminishes distance in ratio 1*31 
to 1. 


ItemlL 

On Monday the excess of redundant fluid on the positive side above 
deficient fluid on negative side in 

11 J inch plate wi 

Plate air 1 

Plate air 4 

* Tho smnllor divisions aro equal to \ of large ones. 


1 8 inch coating 


1 

3*56 

_ 1 _ 

1-88 

1 

2-14 
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[661 


of the quantity of electricity which is given to it with the same degree 
of electrification if th^ bottom plate is not touched. 

Compound plate 

On Tuesday D® excess in Plate air 1 I 

Plate air 4 

2lG 

561] Fr. Apr. 2 [1773]. Th. about 55. N. about 10. 

It was tried whether a parallelepiped box included within another 
Ik)x of the same shape and communicating with it would receive any 
electricity on electrifying the outer box"^. 

I'he ex{)erimcnt was tried just in the same manner as that with the 
globe in p. 26 [Art. 513 1. Tl»e inner box was 12 inches stpiare and 2 
thick. The outer box was 14 inches S(|uare and 4 thick on the outside, 
and 13 square and 3*4 thick within. 

The boxes were made of wainscot and well salted. I could not 
perceive that the inner box was at all over or undercharged, for if I 
])reviously electrified the cork balls positively sulficiently to make them 
separate in touching the inner box, they would separate as much if I 
previously electrified them negatively in the same degree. 


(ihhe within hollow globe tried again\, 

562] Sun. Apr. 4 [1773]. Th. 58. K 11. 

The globe included between the 2 hemispheres wjis tried again in 
the same manner, exc(qjt that the hemispheres were coated with tinfoil 
and were made to shut closer, 

I could not perceive the inner globe to be at all electrified either 
way. 

In order to see how small a degree of electricity I could perceive 
this way, I separated the two hemispheres as fiir as in the experiment, 
and electrified the 2"** thermometer tube with the same strength of 
electricity as was used in the experiment, and communicated its elec- 
tricity to the jars 1 and 2, then touched the inner globe with one of 
those jars and drew up the cork balls, ])reviously j)Ositively electrified, 
against the globe. I found them to separate very visibly. 

I then repeated the experiment in the same manner except that the 
balls were negatively electrifieil in the same degree. 

The elect, of the thermometer tube was diminished by communi- 
cating to the 2 jars in the ratio of 105 to 6339 or of 1 to 60, so that if 

* [Exp. II. Art. 2.S5.] 4 [Exp. I. Art. 218.] 

X [Charge of 2“‘^ thermometer tiibe = 80'7 glob. inc. = 124*3 circ. inc., by Art. 
675, jar 1 +jar 2 = 0234, by Art. 500.]' 
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the rechmdaiit fluid in tlie globe had been so much as of that in the 
hemispheres, I must have perceived it. , 

As it might be suspected that in the principal experiment the neigh- 
bourhood of tlie hemispheres commiiiiicatirig witli [the] ground would 
enable the globe to liold more than it would otherwise do, and that 
therefore the cork balls would not separate so much as they would do if 
the hemispheres were taken away and the quantity of redundant fluid in 
the globe was the same, and consequently that the above computation 
of the quantity I could perceive is not just, I took away the hemi- 
spheres, made the corks touch the globe, ami electrified it till they 
separated, then holding the hemispheres in my hands as near the globe 
as in the experiment, I did not perceive any alteration in the separation 
of the corks. 

The outside diameter of the liernisphercs was 13*3 inches. 


6G3] Experiment to see whether the. force with which two hodws repel 
is as the square of the re.dandaut Jtuid in them/"^ : tried with straw electro- 
mete/!' and glass globes. 

The two olectrometei’S were hung at opj)osite ends of a hoi’izontal 
stick of wood 43 inches long, supported on sticks of waxed glass and 
communicating near the middle with one of the globest. The same 
string also which lifted up the electrifying wire let down a pi(^ce of wood 
for making a communication l)etween the two globes. The board with 
divisions was placed (J inches behind the electrometers, and the guide for 
the eye 30 inches before it. 

The electricity of the globes wasted very slowly, so that it could not 
be sensibly dimiiiLshed in the time l)etweeii reading off divisions to 
heavy electrometer and those to light one. 

The electrifying wire rested on horizontal wood while globe t was 
turned, two jars being used as a magazine to prevent the globe Leyden 
vial from charging too fast. TJie globe J was turned till the lieavy 
electrometer separated to rather more than the intended division, after 
which I waited till it came right, when by the string I lifted up the 
electrifying wire and made the communication between the two globes 
and looked at the division of light electrometer. The electricity of the 
magazine was discharged as soon as the electrifying wire was lilted up. 

564] One of the straws used for the heavy electrometer was black 
in some places, and is called “ blighted,” the other is called “fair.” 

• [See Art. 386.] 

t [The coated globes 2 and 3. Their charges are given in Art. 505 as 1782 and 
1555 circ. iuc., or 1159 and 1009 glob, inc., the sum of which, 2108, agrees with 
Art. 391.] 

J [Of Nairno’s electrical machine.] 
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Sun. Jan. 24 [1773]. 


Cent. RT. 

Weight. Length. from 

needle. 

Wire 

length. 

Added 

weight. 

Weight with 
add it. tried 
immed. 
after. 

Blighted straw 11*1 5*1 

Fair straw 11*1 4*99 

2‘2 

1-8 

10*7 

1 8*8 

17*8 

14*8 


The additional wire was run into straw very easily, and was fastened 
by i)utting a little wax on the end, which by heat was pressed cpiite 
smooth against the end of the straw. 

Mon. morn. Jan. 25. Th. 55. N. 20J. 

Tlie globe 3 was made to coniniunicatc with horizontal wood, then if 

heavy electrometer separated to •< 9 divisions, the light electrometer 

sej)arated, on communicating electricity to globe 2, to the same number 
of divisions. 

565] TrmJs of time in which the dectriedy of ^ar 1 was diminished 
by th/ise straws from degree in which the heavy dectro meter used in former 
experiments of this kind to that in which the pith balls began to close. 





Weight. 

Light electrometer 

{1 

30" 

35 

7-8 

6-8 


fair 

27 

11-8 

Heavy electrometer 

blighted 

15 

17-8 


In the afternoon the blighted stmw was by mistake for the other 
covered for an hour with paper soaked in salt water. After standing 
about an hour to dry, it was found that when heavy electrometer was 
made to separate 10 divisions, light separated 11^. 

fo\^r straw discharged the electricity as before in weight 
of blighted straw 17 '8. 

The fair straw was then kept in salted paper in the same manner 
for about 3 hours. 

Tu. morning. Th. 57. N. 23. 

If heavy electrometer separates to 15, 10, 9, 8, light electrometer 
separates about \ less. 

Fair straw discharged the electricity almost immediately, blighted in 
about 5'\ 

When fair straw rested on cork ball it was about 30", the blighted 
was much longer. 
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Weight of fair straw 14*95. 

Ball of fair straw iiioisteiiod with salt water. * 


Heavy electrometer at 


15 

10 


, light at 


14 

10 * 


The blighted straw was kept in salted ]japor for 1 J hours, and then 
set to dry till the afternoon. In the afternoon its ball was moistened 
with salt water. 


When heavy el. at light at 


Fair ) 




BliMitedJ closed in about when resting on straw, and 

about 5" or 7" wlien resting on cork ball. 

In about li- hours after they were tried again without any altera- 
tion having been made. 

When heavy at ||q, light at 

Uightcl} { 2 I {10 

The light straw N® 1 was soaked in salt paper at night for 3^ hours. 


Wed. Jan. 27. Th. 57. N. 23. 


When heavy sop. to 15, light at 14, but increased after a time to 
near 15. As it was suspected that this increase might be owing to the 
air being electrified, I tried and found the air to be much electrified in 
all parts of the room. 


xTo 1 4 -* (straw , 1*2" or 3" 

1 resting on closed in . 

xTo o straw , j . 20" 

N” 2 on I II closed in i 

ball very slow. 

The ball of N® 1 was then moistened with salt water. 

Heavy sep. to 15, light to 13, but increased to near 14. 

In order to avoid in some measure the inconvenience fi*oin electrify- 
ing the ail', Kicliard turned the globe, by which means the electricity 
was not made so strong. 

heavy to light to 


N° 1 closed in about 4" whether resting on ball or straw. 

2 was soaked in salt water for 2^ hours till 3 in afternoon, about 
5 or 6 it was tried. 

heavy to Jq, light to 1“* time, for several times after to 14, 
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• N“ 2 
1 

fair 

bliglited 


On straw. 
4" 

3 or 4 
2 or 3 


On ball 
4 

3 or 4 
8 
9 


Wed. Feb. 3. Th. 4GL N. 12. 

As it was found the preceding day that the straws conducted ill, 
they were kept ab uit 3 or 4 hours in the inoi*ning in salted paper, at 
about 3 they were taktui out of the ])aper and hung u[) to dry. In the 
afternoon they were tried, a bcreeii being placed to keep them from the 
lire. 


Light. 

17^ 

171 

17.V 

Mi 

m 
1.1 
11. V 
iij 

IIL 

II' 

131 

17i 


(ilobc i 

3 elect. 1 

‘ Globe 2 

i 

Heavy. 

I 

Light, j 

j Heavy. 

15 

101 1 

15 

15 

10 i 

15 

12 

12 1 

15 

12 

121 1 

12 

10 

m 1 

12 

10 

10 .^ 1 

12 

8 

81 1 

10 

8 

8 

10 

8 

8.V Ij 

8 

8 

81 

8 

10 


10 

10 

10 

10 

10 

10 i 

12 

12 

13 j: 

12 

12 

12 1 

15 

12 

12 ! 

15 

15 

16 ! 


15 

M.V ' 


15 

15 | , 



The blighted heavy straw 
closed in 
fair 


On straw. 

25" 

10 



Weight with 
addition. 

Without. 

Fair 

14-85 

6-05 

Blighted 

17-85 1 

7 05 


On ball. 


r.3o" 

not near closed in 2 


Dislanco of 
pin from 
cent. gray. 

5*07 

5155 


5G6] After the additional wire had been taken from the heavy 
electrometer, the two electroinetel's were electrified and compared to- 
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getlier without the process of communicating the electricity from one 
globe to the other, when they stood as follows. ^ 


Heavy. 

8 

10 

12 

15 

12 

10 

8 


Light. 

9 

10 | 

12^ 

15L 

m 

loj. 


Heavy straw olectrometor 
without additions. 


Heavy paper 

fir 

17 

electrometer 

very little 

"iiT 

very little 

15 

Light do. 

13 

12 


If globe 2 was eloctrifiod till D" electrometer separated to 17, on 
communicating electricity to globe 3 it separated to 9|. 

The light straw electrometer was then placed instead of tlie paper 
electrometer, and a pai)er with divisions placed behind it. It was found 

17 

that when heavy straw electrometer separated to divisions, the light 

straw electrometer sej[)arated to 

Largo Small 

divisions, divisions, 

( 3 1 

\ 1 3 

567] As the straws seemed not to conduct well enough, they were 
gilt. The gilding was not peiTeet in several pljuujs, but it was sufficient 
to conduct the shock of a jar very weakly electrified. 



Weight. 

Cent. gray, 
from pill. 

Wire 

length. 

1 

7-55 

5-25 

2-45 

2 

G-55 

5*17 

201 


■ H- 


Tu. Apr. 13. 

The globe 2 electrified and communicated to globe 3. 


Added 

weight. 

12 - 

101 


Wed. Apr. 14. Th. 51. 

Globe 2 communicated to 


Heavy el. I 

Light. 

13 

15.V 

12 1 

U 

10 

12 

8 1 

10^ 

1. N. 13. 



Globe 3 communicated to 2. 


8 

n 

8 

1 

10 


10 

io| 

12 

14 

12 

13 

13 

15.4 

13 

14 


It was found that some electricity ran from the electrifying wire to 
the knob of the ghibc to which electricity was to be communicated, on 
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jlch the knob was removed to such a distance that no sensible electri- 
city ran from one to the other. 


Globe 3 communicated to 2. 


13 

12 

10 

8 


13i 

121 

101 

8i 


Globe 2 communicated to 3« 
13 15J 


12 


14 


N.B. 


The holes whore tlie wires were put in were gilt over, 
of heavy electromotor were found to weigh 


The wires were then taken out, the holes stop[)ed up with wax and 
gilt over. It was then found on electrifying the globe without com- 
nuinicatiiig its electricity to the other, that when the heavy electrometer 
stood at 


the 

1 1 *- 

light stood at 

13 


Ui 


Weight. 

Cent. grav. 
from pin. 

N. 1 

7*6 

5*36 

N. 2 

6*65 

5*285 


N. 1 

Force requisite to separate straws without wires 40*8 

with wires 159*9 


N. 2 
35*1 
1361 


Therefore force required to separate heavy electrometer falls short of 
four times force required to separate light electrometer in the ratio of 
296 to 303*6, or of 1 to 1*027. 


568] Separation of Uenlfs electrometer by different strengths of 
electrification, 

Naime’s jar being tried against the two trial plates for plate H, the 
pith balls se])arated a little after a short time the same way as the two. 
trial plates. Therefore Nairne’s jar is supposed to contain about y of 
plate H, or 16 times as much as plate M. 

The two conductors of Nairne were set end to end with [Henly's] 
electrometer on furthest, and the jar applied to the same, the furthest ^ 
conductor being without any point, and the plate M was placed near it, 
set on a conductor communicating with the ground. When the electro- 
meter was raised a little above 90®, the nearest conductor was removed 
and the electricity of globe taken away. Then as soon as the electrome- 
ter was sunk to 90® a communication was made between conductor and 
plate M and immediately taken, away again, and the figure to which the 
electrometer sunk wrote down and the electricity of plate M disclwged,. =^ 
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after which, a communication was again made between the conductor 
plate M. 

The results of the experiments are contained in the following Table, 
where the first column is the number of times that a communication has 
been jnade between the conductor and M. 

^ ^ The second column shows the quantity of electricity in the jar, which 
•must diminish each time in the ratio of 15 to 16, and the other column 
is the number which the electrometer stood at in the different experi- 


ments 

Number 
of times. 

RIect. 
ill jar. 

1st 

Numl 

2 

)er8 on eloctro 

1 

meter. 

5 

6 

Diff. 

Supposed t 

1 Elect. .Mimiiur 
in jar. on olcctr. 

rue. 

Diff. 

Slid rliff. 
by lirst. 

1 

•9H8 

70 

73 

73 

79 

~iT~ 

80 


1-000 

90 

1 A 

160 

290 

^ 2 

3 

•879 

•824 

32 

20 

36 

21 

44 

23 

63 

31 

58 

35 

63 

30 

UUrf 

59 

•938 

•879 

80 

63 

10 

17 

4 

•773 

16 

16 

17 

19 

18 

184 

of) 

n 

•824 

32 

31 

564 

5 

•725 

14 

14 

15 

16 

hhi 

15.^ 

51 

A Q 

•773 

18*5 

13*5 

262 

6 

•679 

12 

12 

13 

14 

13 

12' 

4o 

4 

•725 

15‘5 

3 

62 

7 

8 

•6.S7 

•597 

10 

9 

11 

10 

12 

lOi 

12 

11 

in 

lOh 

lih 

10.4 

413 

42 

A/\ 

•679 

•637 

13 

11-5 

2*5 

1*5 

1 

55 

35 

9 

•560 

8 

9 

10 

10 

10 

94 

40 

•597 

10-5 

1 

26 

10 

•525 

n 

8 





37 

*560 

9-5 

1 

1 

11 

•492 

7 

7i 




8 

ifi) 

•525 

8-5 

1 


12 

•'161 

6 

6i' 




7 

«>ti 

•192 

8 



13 

•433 

H 

6 




61 

31 

•461 

7 


25 

14 

•406 

5 






28 

or? 

•133 

6-5 


15 

•380 


5 






•406 

6-6 



16 

•357 












17 

•334 


4 










18 

•313 


4 










19 

•291 


H 










20 

•276 


3 











The al>ove experiment is supposed to have been made in the autumn 
gfl772. 


569] Separation of ITenlfs electrometer when fixed in the usual 

way arid on an upright rod, 

■■■ 

*Aug. 13, 1773. Th. about 78. 

. Henly^s electrometer was stuck on a thin wooden rod 25 inches 
long, the end of which was fixed into the hole made in the conductor for 
receiving the electrometer, being parallel to the conductor as usual. 
The conductor to wliich this was fixed was connected to the other con- 
ductor which received the electricity fVom the machine by a brass wire 
about 10 inches long, and a jar with Lane’s electrometer fastened to it 
was made to communicate with this last conductor, so that the rod to 
which: the electrometer was fastened was about ^inches from tlie globe 
and * inches from the jar. 

Henly’s electrometer was then compared with Lane’s while in this 
situation, and when this was done the wooden rod was taken away and 

[So in MS.] 

M. 


19 
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TIenly’s placed on tlie conductor in the usual manner, everything else 
being the same as before, and compared with Lane’s as before. 

N.B. In both trials the cork ball of Henly’s was turned from the 
globe*. 

The result was as follows : — 

Lane. Henly. 


Rev. div. 

On rod. | 

Usual way. 

4*30 

21 

5 

6*30 

37 

10 

8*30 

38 

18 

10*30 

40 

32 


Hence it appears that when Henly’s [electrometer] is fixed on the 
rod it is more sensible towards the beginning of its motion than after- 
wards, whereas when put in the usual way it is the contrary. 


670] Result of P. 70, 75, <fe 95 [Arts. 540, 544, 559], being a com- 
parison of the different electrometers. 


Straw electrometer at 



Light paper elect, just sep, 
Henly’s at 90® 


P. 70. 

P. 76. 

Th. 66*. 

Th. 6.Bi. 

N. 19. 

N. 20.J. 

43 

40^ 

60 


70 


75 


80 


82^ 

88J 

60 

64J 


r. 94. 

P. 95. 

Th. 68. 

Th. 68. 

N. 8. 

N. 8. 


48 

50 

63 

73 

75 


116 

58 


731 

736 


The three last columns are the distances at which Lane’s electro- 
meter discharged, expressed in divisions, or GO**' parts of a revolution of 
the screw. 

P 94 

By p Qg [Art. 551] the distance at which Lane’s discharges is as 
(1*228 

the ■{|.290 power of the quantity of electricity in the jar, and the 
quantity of electricity when the straw electrometer is at 2 + 3 , id esi 
the usual charge is to that when Henly’s is at 90® as 1 to 
* [Of the electrical machine.] 


i6*53 
[6*38 • 
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571] Convparison of Lane^s electrometer with light straw electrometer 
in different weather. 

Lane’s electrometer was compared with tlie light straw electrometer 
by the apparatus represented above. A being the globe, B a conductor, 
CD a wooden rod supported on two waxed glass pillars, having a pin 
at D almost in contact with the conductor, the straw electrometer being 
hung to G. ^ is a jar with Lane’s electrometer fastened to it, supported 
on a bracket fixed to glass pillars, the wire of which touches CD, 

The distance of G from the globe is 54 J inches and from the nearest 
glass pillar 32 inches. Tlie height of the pith balls above the fioor is 
36| inches. 

A small board with divisions on it, not represented in the figure, 
supported on an upright wooden rod, is placed behind the straw elec- 
trometer 25 inches from it, and a bit of tin with a narrow notch in it 
for an eye sight is placed at the same distance before the electrometer. 

The outward divisions on the board, or those called the are at 
5 inches asunder, the S*"** at 4 inches, the 2*“* at 3 inches, and the !•* 
at 2. 

As I found it impracticable looking attentively at both balls of the 
electrometer, I looked only at one, which, as my eye was guided by a 
narrow slit, was sufficient, and when I had made the experiment looking 
at one ball I repeated it looking at the other, so that the mean would 
be right though the slit was not right placed. 

A wire was continued from the coating of the jar to the earth. 

Wed. Aug. 18, 1773. 

Th. 63®. K 19. Bar. 29*64. 

With two more jars communicating with E by wire. 


19 --. 2 
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[572 


1 L I. division : Lane discharged at i2‘27 . 
elect, at (g.l^ 

With only one jar ; straw at 3"* division, Lane discharged at 2*27. 
A slip of tinfoil was tlien pasted on Cl) the whole length so as to touch 
the wire of the jar and the frame of the straw electrometer. The result 
with only one jar was then as follows. 

3rd ^ ^ ^ 2*26 

Straw at division. Lane at • 

Th. Sept. 2 . Th. 65". K 19. Bar. 29*865. 

3 rd ^ l* 5 Si 

Straw at <livision. Lane at . 

Wed. Sep. 8 *". Th. 62"|. N. 19J. C. 18. Bar. 29*235. 


3rd 

Straw at division. Lane at 


In the afternoon. Th. 62” N. 19. C. 17. Bar. supp. 29*37. 

3rd 2*33 

Straw at ^th division. Lane at . 

Fr. Sept. 17. Th. 58”1. N. 281. 0. 29. Bar. 29*61. 


Straw at 


Lane at 


572] Compai'ison of drenyth of shocks by points and blunt bodies. 

The wooden rod used in P. 118 [Ai-t. 571] was supported on waxed 
glass with the straw electrometer at the end, and some tinfoil wound 
round part of the rod. The white glass cylinder was put in contact 
with it, electrified in sucli a degree that I felt a slight shock in dis- 
charging it with a piece of brass wire with a round knob at the end. 
If it was then electrified in [the] same degree, and discharged [with] 
a like brass wire with a needle fastened to the end, I could perceive 
no shock, and but a very slight sensation, even though the point was 
approached pretty quick. The distance to which the straw electro- 
meter separated was about 1*8 inches. 

The white cylinder was then changed for one of the large jars, the 
shock was not very different whether it was discharged by the knob or 
point unless the point was approached very slow. The distance to which 
the electrometer separated was about *9 inch. 

The wooden rod was taken away, and the white glass cylinder made 
to rest on the conductor with ilenly’s electrometer on it, and electrified 
till it stood at 90”, and to prevent the shock being too strong it had 
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its choice whether it would pass througli niy body or some salt water, 
the wires in the salt water being brought within such a distance that 
the shock was weak when taken by the blunt body. I then found that 
if I took it with the point I could scarce i^crceiye any spark. 

The experiment was tried in the same manner with a large jar. The 
shock was very sensibly less though the point wix^ approached almost 
as fast as 1 could. 


573] Whet/isr shock of om jar is greater or less than that of twice 
that quantity of fluid spread on four jars*. 

It was found that if the jars 3 and 4 were electrified in a given 
degree, and their electricity communicated to the jars 1 and 2, the shock 
produced by discharging them was nearly the same, or of the two rather 
more, than that jiroduced by discharging the jar 1 or 2 by itself. The 
shock of the jar 3 was found to be very sensibly greater than that of 
jar 4. 

It was ti’icd with the wooden rod, the jars to be electrilied being 
placed ill contact with the tinfoil thereon, and when tln^y were sufficiently 
electi’ified those to which the electricity was to be communicated being 
approached till they touched the rod, all four standing on the same tin 
plate. The jars were electriiled till the straws separated '9 inch. 

N.n. The jars 1 and 2 contain pretty nearly the same quantity of 
electricity and their sum is nearly equal to the sum of jars 3 and 4. The 
quantity of electricity in jar 3 exceeds that in jar 4 in the ratio of 37 to 
27, or of 4 to 3 nearly t. 


571] Comparison of the diminution which the shock receives by pass- 
ing through uniter in tubes of different boreSj and whethm' it is as much 
dirninislbed in passing through 9 snuUl tubes as through the same length of 
one large tube the area of whose bore is equal to that of the 9 small oytesj. 

Nov. 1773. It was tried whether a shock was as much diminished 
by passing through a glass tube filled with water, 37 inches of which 
held 250 grains of water, as in passing through 9 tubes, 37 inches of all 
which together held 258 gi-ains of water, the length of water which it 
passed through being the same in both cases, namely about 40 inches. 

Two jars were used, and charged till the straw electrometer separated 
to 3 + 0. The water in the tubes was mixed with a very little salt, and 
the shock just enough to be perceived. 

I could not be certain that there was any difference, but if any, that 
with the single tube seemed greatest. The shock was then made to pass 
through 7 of the small tubes, 37 inches of which hold about 200 grains of 
water. The shock was then sensibly less than with the large tube. 


[Art. -106 and Noto 31.] 


t [Art, 085.] 


[See Art. 500.] 
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It was afterwards tried through wdiat length of a tube, 37 inches of 
which held 44 grains, the shock must pass, so as to be as much dimin- 
ished as in passing through 44;^ of the huge one. 

It was found that when it passed through 5 ’2 inches the shock was 
sensibly greater, and wlieri it passed through 8*4 sensibly less than with 
the large one, so that it is supposed it would be equal if it passed 
through G*8. 

44^ “ 250! 

so that the resistance should seem as the 1 *08 power of the velocity. 

N.B. The quantity of water which the tubes held was not measured 
very exactl}^ 


575] 

The tubes used in p. 

123 [Art. r)7 

4] w’ere 

measured by 

are as 

follows 









Leiifrth of 

samo 

1 

N* 

Length 

col. 

Weight. 
[Troy] 
[oz. pwt. 

gr.] 1 

column when near. 

Straight end. Bent end 

Weight of 

37 inches 
in grains. 

1 

37-1 

16 

12 

20 9 

20*2 

395 

2 

37*3 

14 

2 

23 65 

22*9 

335 

3 

38-t 

0 

8 

24 

21*8 

470 

4 

38 

11 

G 

24 

24*7 

263 

5 

37-7 

17 

17 

21 

23*3 

417 

G 

30-8 

14 

10 

20 

20*3 

348 

7 

38-8 

15 

22 

26' 

22*3 

364 

8 

38-(5 

17 

17 

24 

21*0 

407 

9 

39-8 

16 

18 

26' 

22-2 

374 

10 

37-8 

10 

0 : 

IG- 

17*4 

705 

11 

37-3 

3 

20 ! 

99 - 

99*9 

567 

arge 

44-7 

15 

8 1 



3480 


37 inches of the 9 first tubes, which are what was used in p. 123 
[Ai't. 574], held together 3373 grains, therefore the shock was very nearly 
the same, but if anything rather greater when it passed through one tube, 
3f inches of which held 3480 grains of 5 > than when it passed through 
9 tubes, 37 inches of all which together held 3373 grains. 

By p. 124 the shock is as much diminished in passing through 6*8 
inches of a tube, 37 inches of which hold 5G7 grains, as through 44^ of 
one, 37 inches of which hold 3480, so that resistance should seem as the 
1 *03 power of the velocity. 

576] ComparUon of diminution of shock hy passing through iron 
toire or through salt water*. 

In order to compare the conducting power of iron wire and salt 
water, the shock of two jara had its choice whether it would passthrough 

* [Art. 398 and Note 32.] 
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2540 inches of nealed iron wire, 12 feet of which weighed 14-2 grains, 
or through my body, each end of the iron wire being fastened to a pretty 
thick piece of brass wire which I grasped tight, one in one hand and the 
other -in the other, and with them discharged the jars. 

It was found that when the straw electrometer separated to 1 + 0, I 
just felt a shock in my wrists, and when it separated to 2 + 0 , I felt a 
pretty brisk one in them but not higher up. 

I then gave the shock its choice whether it would pass through my 
body, or 5*1 inches of a column of a saturated solution of sea salt con- 
tained in a glass tube, 1 inch of which holds 9*12 grains of fresh water, 
the wires running into the salt water being fastened to brass wires as 
before. 


I found the shock to be just the same as before, and found too that 
increasing the length of the column of salt water not more than J of an 
inch made a sensible difference in the strength of the shock. 

Therefore the electricity meets with the same resistance in passing 

142 1 

through 2540 inches of wire whose base is , , . = ^ as through 5-1 

X 144 79 

inches of salt water whose base is 9*12. 


Therefore, if the resistance is as the 1*08 power of the velocity, the 
resistance of iron wire is 607000 times less than that of a column of salt 
water of the same diameter 


577] Co7}iparison of coiulucthig powers of satw'ated solution of sea 
salt and distilled water. 


The shock of 1 jar charged till the straw electrometer separated to 

{ *8 

inches of a mixture ot 

saturated solution of sea salt with 99 of distilled water in tube 6 , was 
jgreater when it was discharged through 35 ^ inches of saturated 
solution of sea salt in tube 2 . 


*871 

By a former experiment, the shock passed through 2 . 3^1 
mixed water was than through 40^ of saturated solution. 


By a mean, the resistance of one inch of the mixed water is equal tt) 
that of 38 of the saturated solution, therefore allowing for the diifereut 
bases of the tubes, the resistance of the mixed water is 39 times greater 
t(han that of the saturated solution. 

.55 

The shock of two jars, charged to 4 + 0, and discharged through ^ .g 


* [If the resistance is as the velocity, resistance of saturated solution of sjdt is 
355400 times that of iron wire. By Matthiessen and Kohlrausch it should be abou- 
502500. See Note 32.] 
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of distilled water in tube 5, was tlian when it was discharged 

through 23^ of the above-mentioned mixed water in tube 8. 

By a former experiment, the shock passed through j.^.Q of distilled 
water was tliaii through 23i of the mixed. 

By the mean, the resistance of 1*3 of distilled water = that of 23^ 
of mixed. 


10*9 inches of tube 5 in the place where used holds 120 grains of ? , 
or 37 inches holds 408 grains, which is the same as tube 8 : therefore 
the resistance of distilled water is 18 times greater than that of mixed, 
or 702 times greater than that of a saturated solution of sea salt. 


678] Whether the elect ricky in resisted in 2mssiug out of one medium 
into another in perfect contact mith it. 

The 9th tube of P. 126 [Ai*t. 575] was filled with 8* columns of 
saturated solution of sea salt inclosed between columns of 
columns being ^ tube 7 was filled with one short column of 9 at 

the bent end, and a long column of saturated solution of sea salt. 

It was found that the shock of one jar, charged till the straw electro- 
meter se])arated to I’Oi, passed through a column of the salt w^ter in 

tube 7, iiiches long, was rather diminished than in, passing 

through the mixed column in tube 9, the wires used in tube 9 being 
immersed in the end columns of 9, and those used in tube 7 being 
immersed one in the sliort column of 9 a-t the end and tlie oihei^in 
the column of salt water. 


The length of the mixed column in tube 9 was 43*5 inches,' its 
weight was 10*5, the weight of a column of 9 the same length was 
18*10, therefore the sum of the lengths of all the columns of salt water 
was 21*8 inches, and by the experiment 1?lie shock was as much 
diminished by jiassing through 24*4 inches of salt water in tube 7 as 
through this. But as the bore of tube 7 in that part which was used 


was gi’eater than tube 9 in the ratio 


^ 37’^4 ^ ^ nearly, the 


shock should bo as much diminished in passing through a column 22*94 
long in tube 9 as through one of 24*4 in this. Therefore the shock is 
as much diminii>hed in passing through a mixed column, in which the 
length of salt water is 21*8 inches, as through a single column of the 
same size whose length is 22*94 inches. 


The difference is much less than what might proceed from the error 
of the experiment. 

579] A slip of tin was made consisting of 40 bits soldered together, 
all inch broad and all about I inch long. They wci*c made to lap 

[P« ill MS. Perhaps RO.] 
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about inch over each other in soldering. I could not perceive that 
the shock of a jar was sensibly less when received through tliis than 
through a slip of tin of same lengtli and breadth of one single j^iece. 

If the jar were charged pretty high and a double circuit made for it, 
namely through this piece of tin and my body, I could not perceive the 
least sensation. 


580] Made at Nairne's with his Iwrge machine. 


A long conductor was apjdied to the electrical machiiui and a smaller 
conductor to its end, a Hcnly’s electrometer was plact;d on the muldle 
of the long conductor, and a small jar with a Lane’s electrometer 
fastened to it was made to touch the short one. When Ilenly’s 
stood at 


30 

55 

70 


Lane’s <lis- 
charged at 


17 + 35 -*008 
17 + 50 ^ *678 inch. 
19 + 30 -*71:1 


The jar was then changed for one of rather more coated sui’face and 
a much smaller knob. When Henly’s stood at 30 or 35, Lane’s dis- 
charged at 17 7 *650, so that Lane’s discharged at nearly the same 
distance with the same charge, wliichever jar was used. 

Honly’s electrometer was then placed on an upright rod, touching 
the long conductor near the furthest end. Lane’s electrometer with the 
firat jar being placed as before. 

Henly then rose to 55 or GO before Lane discharged at 17*55 = *681 
inch. ITeiily being then lifted liighcu* it rose to 65, Lane remaining as 
before. It was then lifted still higher, when it rose to 

65 , « , 17-55.. -631 

Ko before 1 janes 

50 j. , , . 9'5o — *3 m 

n f A f\ disciiaiged at /* ^r' o/’*? 

35 or 40 ® 6-05 ^^*263 


Lane’s being then separated to 27*55 1 -000, the jar once dis- 
charged over surhxce of glass and once to the electrometer, but there 
seemed reason , to think that Henly ’s rose no higher than before, 
namely 65. 

My Henly’s electrometer usually rose to 90 when Lane’s discharged 
at 12*20= *467 inches. 


Therefore the distance at which Lane’s discharges, answering to 
different numbers on Hcnly’s, is as follows : 


Henly on highest rod 

65 

[Lane] 

1*060 

65 

*681 


50 

•377 


35 or 40 

*263 

Henly on conductor 

70 

*741 

55 

*678 


30 

*668 

My Henly’ on conductor 

90 

•469 
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The distance at which Lane’s discharges with a given jar is nearly 
proportional to the quantity of electricity in the jar, for if a jar is 
charged to a degree at which Lane is found to discharge at a given 
distance, and its electricity is communicated to another jar of the same 
size, so as to contain only J as much electricity as before, Lane will then 
discharge at nearly the I'oriner distance. 


]\I[easuues]*. 

581] M. 1. Comjyarative charges of jars and hatter jj^. 

If jar 1 is electrified till straw electrometer separates to 1^, and its 
electricity is communicated to jai*s 2 + 4, pith electrometer separates 
5J. Therefore charge required to make pith balls separate is to 
that required to make straw electrometer separate 1| as 3184 to 8909, 
and that to make pith separate 5^ to that to make straw separate 1 J as 
2920 to 8909. 

(5 

Jai^s 1 and 2 being electrified by wire and jar sG by coating till pith 
electrometer separated and a communication being then made between 
them in the manner used for trying Leyden vials, pith balls separate 5i 

s| 

5 jisiej 

negative, thorefoi’o charge of jar 6 should be <1273. 

7 (l231 


Charge ofl + 2 + 3 + 4= 12544, 

1 -^ 

Jars 1 + 2 + 3 + 4 being compared in the same manner with jar <() 
the pith balls did not separate at all. 


M. 2. If the charge of jars l + 2+ 3 + 4is called 4 
jar 1 or 2 is nearly = 1 

5, 6, or 7 = 4 

1 row of battery = 22 

whole battery =154 

Jar 8 being electrified it was found that it must be touched 7^ times 
by white cyl. to reduce the quantity of electricity to The 4 jars 
must be touched 8-J times by do. Therefore charge of jar 8 = 3 

A piece of crown glass 1 foot square of which weighed 10*12 was 
coated with tinfoil about 10 inches square. 

* [These “Measures” are on a set of loose sheets of different sizes marked M. 1 
to M. 21, and another set marked M. 1 to M. 12. J 

t [Art. 411.] 

X [These numbers are given as in the MS. They should be each multiplied 
by 10. See also Art. 585, \vhere the numbers seem to bo deduced from some other 
experiment.] 
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M. 3. The charge of each row of the battprj was found by charg- 
ing to a given degree by electrometer and touching it repeatedly with 
jar 4 till the separation of electrometer was reduced to that answering 
to J the charge. 

*The 1“*, 2"*^, 3*^, 4*^ 5"*, 7*** row required to be touched 18, 19, 

17, 18^, 17, 17, 18 times, therefore charge 


row 

- 26 

Qncl 

- 27*4 

3rd 

= 24*6 

4 th 

- 26*7 

5 ih 

= 24*6 

Gth 

= 24*6 

^th 

= 26 


charge of jar 4 


and charge of whole battery = 180 times that of jar 4 
and real charge ™ 321000 

and if real cliarge by computed of white glass - 7*5, 
computed charge — 42800 

which answers to 187 square feet of glass whose thickness = 

Therefore charge of jar 4 answers to 1*04 square feet of thickness. 
The coating is about of a stjuarc foot, and therefore the mean tliick- 
ness = *058. 


582] M. 4. Let jar be touched times t by jar which is to first as 
a; to 1, it will be reduced in ratio of 1 to (1 +«?)'*, therefore if it is re- 
duced to ^ thereby 


Therefore let 
and 


(l+a;)'’ = 2. 

N. L 2 = a and N. L (1 -f x) - 
pxn = a, 

1 _ jm 
as ~ a ^ 


but 




N. L (1 + a?) - cc - ‘-jr nearly, = x 



therefore 

therefore 


2 ? = 1 - - nearly = 1 - 

= nearly, 


2jm 


nearly. 


whence we have the following 

B/ule for finding ratio of charge of 2 jars, supposing the charge of 
first to be reduced to J by touching n times by 2"^ 

Charge of is to that of 2"^ ;; 1 *44471- ^ to 1. 


* N.B. The left-hand row is supposed to bo called the 1*‘ row. [If Jar 4=2675 
ciro. inc. (See Art. 506) whole battery = 481600 circ. inc. or 321000 glob, inc., 
counting 1 glob. inc. =1*5 circ. inc., as Cavendish seems to do here.] 
t [Art. 413.] 
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583] M. 5. jar 1= 3184 [circ. inc.] 

2= 3050 
3= 3635 
4.:: 2675 
5::= 11816 

6 = 12544 

7 = 11816 

8 = 10761 
I'*' row = 64538* 

Quantity of eloclricity coinnumicated to whole V)attery t hy 

B + 2A= 3-61 + 2A 
2B + 2A= 7-07 + 2A 
3H + 2A = 10-36 + 2A 
3]3 + O + 2A = 1310 + 2A 
K = 20-58 
li + B = 23-66 I) i 
K + 2B = 26-74 
R + 3B- 29-83 

Quantity of electricity communicated to 1*‘ row by 

A= -95 B + 2A = 2-50) 

2A = l-8 2B+ =4-581 

3A-2-6 3B+ =6*171"^^^^ 

4A = 3*3 3B+ =7*541 


Charge of battery of Nairue, 

584] M. 6. Electricity of row of old battery was reduced to J 
by touching 11| times by crown glass of 10 inches square. Therefore 
charge of row to that of crown glass as 15^ to 1. The first row of 
new battery appeared by that means to contain 10*7, the 2'“* row 11, and 
the 3”* 1 1 *4 times the charge of the same plate. 

The mean area of tlie convex coating of each jar seemed to be 
14 X 12| = 175 inches, to which adding 5, id est of area of bottom, 
whole coating may be estimated at 180 square inches of same thickness 
as sides. 

no 

Elect. <2 row of new battery was reduced to J by touching <10i 
(3 “ (KJ- 

(13-94 

times by jar 1, therefore charge = jar 1 x -114-66, and charge mean row 

(13-94 

= jar 1 X 14-18 = 45149 inc. el. 

* [See Art. 606.] 

t [Here A seems to bo the charge of one of the first 4 jars taken as unit, B tliat 
of one of the others taken as 4, and B that of the row taken as 22, the battery being 
151, as in M. 2.] 
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By top leaf its charge should be — ^ 3 ^ — = 46390 inc. el., there- 

^ I o 15w5 

45150 

fore its computed charge = - 30100, and thickness of glass should 

1 *o 


seem = 


_ 180 X 6 X ^ X , 


30100 




me. 


585] M. 7. Whether shock of battery is sensibly diminished by im- 
perfect conduction of the salt water in the jars » 

An uncoated glass jar like the coated ones was filled with fresh 
water and put into a glass jar of fresh water, a brass wire with knob 
being put into it, and a slip of tinfoil into the outer jar, it was charged 
till straw electrometer separated to 8 and tried by shock melter* filled 
[with] sea water, wires about 3 inc. dist. 

The water in inner jar wiis then changed for sat. sol. s. s.t and that 
in outer for about equal parts of I)° and fresh water, and tried in the 
same manner. The shock seemed rather greater, but was plainly less 
when electrometer was at 7. 

When shock was taken without shock melter* it was as strong with 
el. at 5 as with D® at 8. Jar 2 being chaiged to 8 and its electricity 
communicated to jar, the electrometer separated to 4 J . 


586] M. 8. Feb. 28, 1775. 

Specific gravity bottle filled with salt water from torpedo trough 
weighed 8.4.18 by ingraved weights. Th. at 49. Specific gravity 
= 1-0254. 

Being mixed with •= *3525 its weight of rain water, specific 
gravity bottle weighed 8 . 4. 1, Th. at 49 i, specific gravity 1-0190, 

Excess of specific gravity above unity of stronger is to that of weaker 
as 1-335 to 1. The quantity of sjxlt in them is as 1-3524 [to IJ. 

Therefore the excess of specific gravity above 1 difiers pretty nearly, 
but not quite, in as great a ratio as the cpiantity of salt in them. 

M. 9. April 1. D® Specific gravity bottle with water from torpedo 
trough weighed 8 . 4.22 by D® weights. 

April 29. Torpedo trough filled with water to within 1 inch of top, 
and 58 oz. salt added. 

Specific gravity bottle filled therewith, Th. at 70®, weighed 8 . 4. 12. 
At 54-J same water weighed 8.4. 16J. 

One bottle of sea water weighed 8. 4. 11, Th, at 67. Another 
bottle weighed 8 . 4 . 1 9|^, Th. D°. 

Specific gravity bottle with rain water weighs 8.1 . 22 J. 

[M. 10 blank]. 

* [This word occurs also in Arts. G22 and 637. See facsimile at Art. 622.] 

+ [Saturated solution of sea salt.] 
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M. 11. Rule for finding the quantity of salt in water by its specijic 
gramty. 

Let the specific gravity of the solution at 46 J = S, and ^ — 
= 05. If S is above 



•779 

1*0675 

S^r+ 0033 

1*0261 

•719 

S-1 + -0022 

1* 

•789 

S -* 1 


*779^9*8917 
L *719 = 9*8568 
*784^9*8942 
vide Heat P. 98* 


587. In 2"** Lane’s electrometer or P‘ detached do. 

40 threads screw = 1^ inches, or 1 division of plate = inch. 
For 3*^ Lane D®. 


588] M. 12. June 11. 


For salting, t 


Not salting. 

Mahogany 

2 . 

19 . 

5 

3 . 

15 . 

15 

Wainscot 

2 . 

16 . 

10 

3 . 

8 . 

21 

Peech 

3 . 

11 . 

1 

4 . 

5 . 

8 

Ash 

3 . 

14 . 

10 

4 . 

7 . 

9 

Alder 

2 . 

4 . 

10 

2 . 

13 . 

. 12 

Lime 

2 . 

11 . 

8 

2 . 

, 18 . 

13 

Deal 

2 . 

12 . 

11 

3 . 

. 4 . 

22 


Weight of the unsalted ones on Juno 18, and number of vibrations 
of a pendulum {inches long, in which the electricity of 1 row of the 
battery was reduced from 2 to 1 by pith balls by touching with them, 
the ends being wrapt round with tinfoil fastened on with gum. 




Weight. 

Number of 
vibrations. 

1 Loss of 

1 weight. 

Mahog. 

3 

. 14 . 12 

34 

1 . 3 

Wainscot 

3 

. 7 . 20 

19 

1 . 1 

Beecli 

3 

. IS . 6 

36 

10 , 3 

Ash 

4 

. 0 . 16 

6 

6 . 17 

Alder 

2 

. 11 . 18 

200 

r : 18 

Lime 

2 

. 15 . 14 

22 

2 . 23 

Deal 

3 

. 3 . 12 

60 

1 . 10 


* [Mr Vernon Harcoiirt, in his Address to the British Association (B.A. Report, 
1839, p. 48), has given extracts from CavendislVs MS. on Heat, p. 1 to p. 50, but he 
does not mention any page 98.] 

t [Art. 609.] t [So in MS. 
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M. 13. The salted ones taken out of water two or three hours 
weighed 


Mahogany 

3 . 

15 . 

14 

Wainscot 

3 . 

9 . 

0 

Beech 

4 . 

8 . 

0 

Ash 

4 . 

14 . 

12 

Alder 

3 . 

9 . 

22 

Lime 

3 . 

17 . 

11 

Deal 

3 , 

. 1 . 

. 4 


June Bits of tinfoil wei'e fastened round the ends of these 

pieces of wood with gum. 

2B being electrified to 1^ and its electricity communicated to the 
whole battery gave a slight shock when received through the Lime, 
Alder, Ash and Beech, but most through the Lime. 

IR + 3B through wainscot and 2R + 3B through deal gave much 
the same shock, and 3R was just sensible through Mahogany. 

589] M. 14. Dimensions of coatings made to pieces of glass 
D, E, E, G; A, B, C, I, K, L, M, II. [See Art. 324.] 

M. 15. Bluish-green ground glass from Nairne called R and S. 

M. 16. Logarithms for calculations of those plates. 

M. 17. Do. 

M. 18. Straight piece of elect[rifying] wire, thickness *15, length 30. 

Increase of quantity of electricity in wire of that thickness by in- 
creasing its length from 33 to 53 inches 4*53 inches, therefore increase 
of quantity of electricity in wire — increase length x *226. 

The two trial plates of white ])lato glass, which contain together 
66 inches of computed power, or 66 x 1*6 inches of electricity, were 
balanced by twice the sum of the double plates A and B -f- 48 of addi- 
tional wire = 73*4 -f- 10*85 — 84*2 inc. el., therefore 10*7 inc. el, is to be 
allowed for the usual length of the wire. 

]^Rules for making trial plates.^ 

M. 19. By P. 21 [Art. 459] it should seem that the difference 
between two trial plates ought to bo to their sum as L + S -h 20 inc. of 

20 X *226 

wire to L + S, or as 3*6 + — — to 66, or as 32 : 330, 

1*6 

4 ^ . . . 

The plates xE of Nairne are to be coated with circles <2*16 in 
(F (2*19 

diameter. 

The mean quantity of electricity in the trial plates should be 
47*4 inc. if nothing is allowed for additional wire, therefore if tliis is 
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increased by to allow for uncertainty, and the plate g is used for 

l^"e plate, the computed power should be , and [M. 20] 

^ . 2'l23 

the coating should be a sqjiare whose side = 2 •oj • 

Quantity of electi-icity in small thin plates to be 110*1, computed 
power = 67*8, diameter of circles to bo 

I =2*299 
K - 2*286 
L - 2*358 
M = 2*207 

The trial plates to them to be made of plates I and L 

^ comp, power 

of that glass supposed = 1 *95. 

120*8 11 

Computed power of mean between the two plates to be ^ 

= 68 = a square of 1*933, the thickness of the glass being *07, therefore 

Small =L| , ^00 1 1 (2*126 , , 

Large=I/ = l'*^33 long and {j. broad. 

/I -62 p 

Obl,..* c«.u,g. 1.82 W «.d 

12-14 Ik 

M. 21. plate for large thick plates to be coated 

{ 5-7 

g.g by 6. 

Dimensions of trial plates. 


A 

B 

C 

D 


Lenpith. 

16-4 

13 

10-4 

8-5 


Breadth. 

11-8 

9-7 

7-8 

6-4 


Sliding Plates. 

Value of 1 division in 

Number of Plate. Inc. el. 

Parts of D. 

1" 

•75 

•0208 

2"*' 

1*50 

•0416 

3"* 

.3*37 

•0940 

4* 

8*57 

•238 

5* 

19*0 

•630 

gth 

18*0 

•600 

1 inch additional wire 

•226 

•0063 
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[From this table it appears that D is supposed to contain 36 “inc. 
el.” Now, by Art. 655, I) contains 26*3 “globular inches,” which is 
equal to 41 “circular inches,” or 36*7 “square inches”.] 

[Specimen of Measurements of thickness by dividing engine.] 

590] 2hd rosin plate, [Art. 371, 500] mean diameter 5*6, 

M. 23. At 2*110 knobs coincided, 

2*306) 

05[. center 2*3057 
06) 

2*306^ 

05 

[■ one inch [from center] 2*3045 

04 

04J 

2*110 coinc. 

2*110 coinc. 

2*306 

04 

06 

05 
00 

Q 9 1^ inc, from center 
02 2*303 

00 
02 
02 
02 
01 

2*110 coinc. 

Mean thickness = *195. 

591] M. 32. Measures of thickness of crown glass [Arts. 370, 500] 
measured in the middle of each 16‘** square part, the numbers being 
placed in the same situation as the squares. 

C. At 1*881 the knobs coincided. 

1*944 48 51 48 

48 52 52 44 

63 53 46 38 

53 46 40 34 

mean 1*947, thickness *006. 


M. 


20 
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592] M. 1*. List of PUite f asses. 


[Thickness.] 

[Side.] 

A 

•205 

4 * 02 ) 

B 

•193 

3*99r 

C 

•162 

4*01 

D 

•16 

3*98 

\ 

E 

•19 

8-OgI 

F 

•204 

8-03 1 

G 

•184 

8-04 

H 

•062 

4 -SSI 

I 

•066 

4-361 

K 

•063 

4-34 f 

L 

•068 

4-37J 

M 

•055 

8-68 


First got. 

]Made into trial plates and cased in cein[ont] 
of a greenish colour incliniug to blue with 
a great want of transparency. 

not used. 

coated, comp. pow. = 4G. 

Same sort of glass as A and B, but from 
their greater length and breadth I co\ild 
not so well judge of their colour. Made 
up into trial plates. 

Same kind as C and D. Remains not aj)prop. 

It is marked on side wntli single scratch of 
file, I with 2, and so on to L. 

Made into trial plates and broke except L. 

More transparent than the tliick plates. 

not used. 


The thickness was measured in the middle of each side, beginning 
with that side to right of letter, the letter being held to>vards eye. 

Thickness. Diatn. coating. Comp, power. 
Double plate gi’ound glass A *3 1*82 11*04 

B *31 1*855 11*1 


1*' got from Nairm, 

2 thickish plates of 8 inc. made into trial plates for 2"'* sort, called 
S and L. 

Another cut into 4 pieces for trying effect of different varnishes. 

A 4‘^ not used. 

2 thin ones of bluish glass coated in order to serve for trial plates 
to lai'gest plate, and called L and S, but not used. 

2 thick plates and 1 thin one rough. 

2 white glass plates from Nairne. 

4 pieces out of same piece with different sorts of surfiice. 

A large piece of -whitish plate glass divided into 3 pieces, one used 
for sliding trial ijlate. 

4 irregular shaped pieces called N, O, P, Q. [Art. 459.] 

2 thinnish pieces 5 inches square with very thin plate rosin between. 

M. 2. 1 piece of much the same kind fastened to piece of crown glass 

with cement between, used for sliding plate. 


[Here fellows another series of* measures on loose leaves of different sizes.] 
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593] M. 3. 

Nairne's plates of same piece^. 




Out of water. 

Loss in water. 




4 thin pieces 

7. 1.14 

2 . 12.21 

7-079 

2-G44 

2*6774 

4 thick do. 

19. 3.11 

7 . 3 *. 4 

19-173 

7*158 

2*6785 

large thin piece 

7. 0. 2 

2.12. 7 

7-004 

2*615 

2*6785 

A 

19. G.17 

7. 4.10 

19-335 

7*221 

2*6776 

B 

19. 12. 11 

7. fi. 13 

19-C23 

7*327 

2*6782 


19. l.lfi 

7. 2.13 

19-083 

7*127 

2*6775 





Mean 

2*6779 


1 cub. inc. water = *5278 oz. 




1 oz. of gla?s 

= 9*84973 cub. inc. 




[The weights in 1®*^ & column are in ounces, pennyweights and 
grains (Troy), in the 3"^ and in decimals of an ounce, and the 5*‘* is 
the specific gravity. The number 9*84973 is the logarithm of the 
number of cubic inches in an ounce of glass.] 

M. 4. [Gives 1"* the length of each side of each piece of glass, and 
the distance between the middles of opposite sides to hundredths of an 
inch. 

2'“* the thickness at each corner and middle of each side to thou- 
sandths of an inch. 

3"* specific gravity and mean thickness deduced from it for plates 
A to M of Nairno. 


The results are 

given ill M. 5. 

The thicknesses arc as follows 


Thieknessi 

calculated. 

Measured. 

Dili. 

A 

•2112 

*2095 

•0017 

B 

*2132 

•2109 

23 

G 

*2065 

•2057 

8 

D 

•2057 

•2047 

10 

K 1 

*2065 

•2055 

10 

F 

*2115 

•2101 

14 

G 

*2022 

•2103 

9 

11 

*07556 

•0735 

21 

I 

*07797 

•0759 

21 

K 

*07712 

•0755 

16 

L 

*08205 

•0804 

16 

M 

*07187 

•0707 i 

12 


[The thicknesses given in Art. 324 are those calculated from tlie 
weight in and out of water and the measurement of the sides. They 
are greater than the measured thicknesses in every case.] 

594] M. 6. Measures of ikichness (f’* of green gJuss cylinder. 

Longest cylinder : a mark made with file near middle. 

The 1*^ column is the distance in inches of the point to which 
cylinder is immersed in water from the scratch. 

* [A.rt. 314.] 


20—2 
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MEASURES. 


[594 


Tlie 2""* column is weight required to balance it in that position. 

The 3*^ is the same thing in the 2"** trial. 

The is the difference of these numbers, or bulk of intermediate 
portion of glass. 

The 5*** is the same thing in 2"** trial, and 
The is the mean between them. 

The T**' is the circumference in the middle of that space. 


Circum. 

3-595 

3-435 

3-265 

3-140 

3-020 

2-940 

2*905 





Bulk int. space 


Towards wide 

ist 

2n(l 



end. 

tri[al]. 

tri. 

1st 

2nfl 

Mean. 

13 

11 . 12 . 15 

12.22 

1.13 

1.12 

1.12.5 

12 

11.11. 2 

11.10 

2.22 

2.22 

2.22 

10 

11. 8. 4 

8.12 

2. 18 

2. 17 

2.17.5 


11. 5.10 

5.19 

2.20 

2.21 

2.20.5 

6 

11. 2.14 

2.22 

2.16 

2.18 

2.17 

4 

10.19. 22 

17.10 

2.18 

2.18 

2.18 

2 

10.17. 4 

17.10 

2.23 

2.21 

2.22 

0 

10.14. 5 

14.13 





[after this a table for the narrower half of cylinder, and in M. 7 
for 2"**, 3"* and cylinders. M. 8 and M. 9 is a tabic of 11 columns. 

1“^ column, distance from mark. 

2*"* Mean loss [of weight] for 2 inches. 

3”^ Supp[osed] mean circumference. 

4*** Log. loss. 

5*** Log. supp. circ[umference]. 

6*** Log. thick[ness] x p, 

7 Thick. X jp [jo = ratio of circumference to diameter]. 

8 True mean circ.* 

9 Log. do. 

10 Log. comp, power of 1 inch. 

11 Comp, power of 1 inch.] 


M. 10. Measures of the circumference and substance of glass in 
jars and cylinder. 

Marks with file are made at the extremities of the whole space, and 
the numbers begin with the space marked with double mai*k. 

* By mean circumference is meant the mean between the inside and outside 

circumference. 
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The circumference was measured by a slip of tinfoil put round, and 
tbe intersection marked with knife. 

The substance of glass was found by hanging it to end of sliding 
ruler fastened to one end of balance, and weighing it in water ; and by 
sliding the ruler I made more or less of it to be immersed, and knew the 
difference of the space immersed. 

M. 11. Specific gravity of differe'iit piecte of white glass. 


Large jar 

3-253 

3-253 

small I)° 

3-256 

3-257 

long cylinder 

3-281 

3-279 

thick fiat glass 

3-280 

3-279 

thin do. 

3-280 

3-284 


The small jar being broke, a 2"** was measured. 

Thickness measured by calipers in 4 different rows parallel to axis 
and ’ill 5 different places in each row, beginning at a scratch with a file 
near bottom. 

[Here follow the measures.] 

The thickness was then tried in 4 different parts of circumference 
at 4*4 inc. distance from scratch. 

It was then weighed in water in the same manner as the others. 

The jar was dried before ejich trial, and before the was rubbed 
with solut. p. ash*, which made the water stick less to side, for which 
reason it is supposed most exact. 

The circumference was measured in two parts of the middle space, 
and they came out both the same. 

595] M. 12. Measures of coatings to jars and cylind,\ 

A coating made to 2"** small jar extending to 4*4 inches from scratch. 
Comp. i)ower = 680’7. 

Coating to white cylinder extends 9*86 inches from double mark. 
Comp, power = 684*1. 

A coating made to 4** green cyh extending 7 inches from mark. 
Comp, power = 318*2. 

A mark w’as made on wide part, extending 7*16 inc. from new mark. 
Comp, power 600*7. 

M. 13. A mark made on 2"** green cylinder 11 inches from first 
towards thick end, and the tube cut off about 1 inch from 1“*^ mark. 

A coating made to the thick part extending 8*55 inches from 2"** 
mark. Comp, power = 600. 

* [Pearl ash.] 

+ [See Art. 383. The computed power hero is 8 times the true \alae, and 
there is no correction for spreading of electricity.] 



EXPEKIMENTS WITH THE ARTIFICIAL 
TORPEDO. 


596] Turp. 1 in water toucliing sides* * * § . 

3 rows fclt plain shock in hands. 

4 — more brisk in I)°. 

7 — more violent in D". 

2 plain in 

1 seiisible. 

+ 2 + 3J 

4 + 1 +5 + 6 + 7 — ^but just sensible. 


Out of water. 


4 + 1 

uncei*tain. 

4 + 1 + 2 

sensible. 

4+1+2+3 


5 + 4 + 1 

sensible in elbows. 

5 + 6 

gentle in elbows. 

5+6+7+1+2+3+4 

strong in elbows. 

1 row 

more violent. 

XJiicoated, out 

of water. 

4 

scarce percept. 

4 + 1 

sensible. 

4 + 1 + 2 

gentle. 

In water. 

5 + 6 + 7 

perceptible. 


Without any torped. jar 4 was perceptible. 


I could not perceive any sensible difference in the conducting power 
of the water I used & of sea water, but the difference caused by mixing 
part of rain water with the sea water was scarcely perceptible. 


§ N.B. resistance of 


distilled water' 
99 

sat. sol. in ^ 
,sat. sol. , 


are to each 
other nearly 
as 


' 1 
18 
100 
.702 


so that there seems no reason to think that the resistance of water 
about the saltness of sea water varies in a quicker ratio than that of the 
quantity of salt in it. 


* [Art. 416.] 

t [3 rows of battery electrified till the electrometer separated to 1^.] 

X [These numbers are those of the jars of the first row of the battery. See 
Art. 58.S. 

§ [This should be conduoting power, instead of resistance. The numbers 
then agree with those in Art. 684.] 
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Without torpedo jar 1 + 2 + 4 was very sensible in elbows, but 1 + 2 
was felt only in wrists. 


597] Let a given charge be passed by double circuit through your 
body and another circuit; let the quantity of electricity which passes 
along the second circuit be to that which passes through your body as 
a; to 1 ; the rapidity with wdiich the fluid ])asses through your body is 
tlio same whatever is the value of a*, and the quantity which passes 
through your body is* as 1 + x. 


If the resistance which the electricity meets with before it comes to 
the double circuit is to that which it would meet with in passing through 
your body alone as a to 1, the force required to drive electricity through 

the whole circuit in given time is as a + , ^ , and therefore the time 

^ 1 +ic’ 


in which it is discharged — ■ 


1 


a + 


I + iC 


1 + as 
1 + a + rta; 


1 


- , and the velocity with 


which it passes through your body is as , — , and the strength of 

i + ft + ux 

1 

shock is as jz , , j . 

(l + ic)(l +a + ax) 


Tn trying resistance of liquoi*s by double circuit, if the quantity 
of electricity which passes through the liquor is to that which passes 
through your body as x to [1], the quantity of electricity which 

passes through your body is as , and the rapidity with which it 

passes through your body is given. 


In trying it with single circuit, if resistance el. in passing through 
liquor is to that in passing through your body as oi to 1, velocity of 

electricity is as — , and the quantity is given, therefore in both ways 

I + tC 

of trying it, the greater x is, the more exact will be the method, and both 
methods will be equally exact if x is given or very great, supposing 
the strength of the shock to be as the quantity of electricity into its 
velocity f. 


598] Shock produced by charge -122 in water bears tho proper 


proportion to that caused by charge < 8 out of water. 

(16 




(ir, 

•]22 ir 
(44 


* [Should be inversely as 1 + a;. The rest is a correct statement of the strength 
of derived currents according to the law afterwards published by Ohm. See 
Art. 417.] 

t [The “velocity” is what is now called the strength of the current. The 
strenf^h of the shock is assumed to be proportional to the energy of the discharge. 
See Arts. 406, 673, 610, and Note 31.] 
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TORPEDO EXPERIMENTS, APRIL, 1775. 


[599 


It is supposed that it required about 2^ the charge to give a proper 
shock in water as [it does] out, or it is supposed to require 5 times 
quaiit. el. It is supposed too that it requires 2®* charge of 3 times 
quant, el. to give same sliock with torp. out of water as without torp. 


jbody 

Let quant, el. which passes through <torp. be as <2 , if quant, el. 

(water (« 

which passes through torp. is increased to 2 / 1 , quant, el. which passes 

r 1 


through your body will be 


f therefore 

L« + 2n + i 


a + 2?i + 1 
2w + 1 


. a + 2 + 1 


or 


15flt + 30w + 15 = 2na + Gti + a + 3, 

^ n {2a + 6 - 30) = 14a + 12, 

14a + 12 . 

n = _ ^ , which if a = 60, is 

2a - 24 

_ 14a _ 7 X 5 _ Q 
““2^ ""“4“""*^' 

and therefore it should require about 9 times quant, cl., or about 5J 
times the charge to give the same shock out of water as at present. 


699] Tu. Mar. First leather Torpedo *. 

Out of water. 

1 row jars el. to 1|- by straw el. and commun. to rest, a shock just 
sensible in elbows. 

1+2 + 3 + 4 + 5 + 6 + 7 : just sensible in hands. 

D° + 1 row : stronger than N® 1. 

In water. 

2 rows : plain in hands, 

1 row : just sensible, 

3 rows : rather stronger than 2 D® out of water. 

600] Tu. Apr. 4 [1775] 2"^* leather Torpedo. 

Out of water, 

6 + 6 + 7 : very slight in fingers. 

2 rows : only in hands, there seemed to be something wrong. 

4 rows ; brisk in elbows. 

2 rows : briskish in elbows. 


[Art. 416.] 
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IN AND OUT OF WATER. 


S13 


In water. 

2 rows just sensible in hands. 

3 rows stronger. 

4 rows pretty strong 

1“‘ leather Torpedo in water. 

4 rows nearly same, but I believe not so strong as last. 

2 rows very slight. 

Out of water. 

2 rows slight in elbows. 

4 rows strong in elbows. 

601] Sat. May 27 [1775] with 2"^* leather Torpedo under water, 
3 rows charged to 1} on clcctrom.* 

Shock with one hand to one person seemed stronger, to another 
weaker than with both. 

Communication being made with metals instead of the hands, no 
shock was felt, but when all the rows were charged to 3, Mr Roiiayne 
felt a small shock. 

With wooden Torpedo, 1 row to 1 ; shock passed across 27 links of 
heavy chain with light. It also passed across 4 links of small chain 
with light, but not across 6. 

Without Torpedo, 5 + 1 + 2 to li ; shock passed with light through 
electron!., no candle in room ; also with torp. charged as in trial. 

On a foi'mer night in trying wooden Torp., charged 1 believe much 
the same as this time, no light was perceived, though Mr Hunter felt a 
shock, but very weak. 

One candle in room, hid as well as possible behind screen. 

With Gymnotus, all rows charged to 3^. 

Doubtful. 

I 

Dr Priestpey and Mr Lane touching with 1 hand at same time,. 
Dr Priestly felt shock extend to elbow, 

A former night, 3 rows charged to 1 ^, Mr N. thought the shock 
extended to elbow; no one else thought so. 

Sat. May 27 [1775]. 

602] Old Torp. out of water 2B + A (8*l)t, tried with metals, weak 
shock. 

New torp. B + A (4*6) as strong as former. 

The old Torp. tried with one hand holding metal against bottom 
side, in other hand holding bright link. 

* [Art. 419. The (artificial) Gymnotus is not elsewhore mentioned.] 

t [The numbers in brackets are tho char«?o communicated to the battery or the 
row. yee Art. 683.] 
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3 A (3) no shock, with B (3*6) a very slight shock when torp. was 
just wetted, none else. 

With long link, not bright, 3A, (3), sometimes felt it, not always; 
with 2A never. 

With wire of same size bright without link, seemed not to feel it so 
well. 

With small link not bright no shock with B + A (4*0), hut there 
was with B + 2 A (5*6); with bright wire without link felt shock with 
B + A (4‘C), but not with B. (3*6). 

With dirty link 2B + A {8-1), sometimes a small shock, not always; 
with 2B + 2 A (9*1), certain. 


603] Tried witli Lane’s electrom.; dirt unaltered. 


Rows of 
batt. to ] 
which el. I 
is comiu. 


■ { 

> I 

’ i 
^ ( 
■ { 

* I 


Jars el. 

1 Equiv.* 

i 

11 + 2B 

26*7 

shock. 

Ii+ B 

23*7 

none. 

B4-2A 

4-56 

small shock 

B+ A 

3-56 

none. 

R+ B 

23-7 

shock. 

R 

20*6 

none. 

R+2B 

2G'7 

shock. 

R+ B 

23-7 

none. 

B + 3A 

5-6 

shock. 

B + 2A 

4*6 

none. 

R + 2B 

26*7 

shock. 

R+ B 

23*7 

none. 

B + 3A 

5-6 

1 shock. 

B + 2A 

4-6 

none. 


Tu. May 30 [1775]. 

604] It was tried whether distance on Lane’s electrom. at which 
jars discharged was the same at the same separation of straw & pith 
ball electrom. whether number of jars was great or small t. 

This was tried first by laying small knob’d Lane on wire while jars 
were charging, and afterwards by charging jars, without Lane lying on 
wire, to a little greater and little less degree by electrom. than what it was 
before found that they discharged at; then touching them with Lane, 
1 could not perceive that the number of jars made any difference. 

It was tried by comparing 1 & 4 jars with straw el. at 2 and by 
comparing 1 and 7 rows of battery with pith balls at 1. 


[See Art. 583.] 


t [Art. 402.] 
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EXPERIMENTS WITH CHAIN. 
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It was also tried whether the number of jars electrified affected the 
separation of straw el. : by connecting 4 jars to the wire & then with- 
drawing 2 of them. It was not found to be at all affected. 


Tu. May 30 [1775]. 

605] Charge required to force eh through 4 linhs of small chain, 
and also through 2 looqjs of machine*, 5 links of chain in each loop. 


Hows 

of 

Butt. 

Ecpiiv. 

1 

R. 

20-G 

3B + C + 4A 

17-1 

R 

20-G 

3B+C+4A 

17-1 

3B + C + 4A 

17-1 

2B + 4A 

11-1 

R 

20-6 

3B + C + 4A 

17-1 

•R 

20 -C 

3B+C+4A 

17-1 

R + 3B + C 

33 

R 

20-6 

3B + C + 4A 

17-1 


passed through 4 links 
did not 

passed through 2 loops 
did not 
passed through 4 links " 
did not I 

passed tlirough 2 loops torp. 
did once, failed once 
passed through 4 links 
did not 

passed through 2 loops 
did once, failed once 
did not 


2nd 

^ leather 
torp. 


old 

toiT). 


leather torp. R ~ 20*6 

old 213 + A= 8-1 gave same 
new I3 + 3A= G’6 shock, 
without torp. A + D — 1 *5 


Tried with new Torpedo. 


Rows 

Batt. 

Jars 

cl. 

Equir. 

7 

B + A 

4-6 ) 

1 

3A + D 

3 1 

7 

2B + 2A 

91 ) 


B + 3A 

5-4 J 


gave same shock. 

gave same 
shock. 


Trial of charge required to pass through 4 links of chain. 


1 

3A 

2-G 

7 

3B + 0 + 4A 

17-2 

1 

4A 

3-3 

7 

R 

20-6 

7 

1 3B + C + 4A 

17-2 

1 

3A 

2-6 


sometimes passed, sometimes not 

D”. 

passed. 

passed. 

did not. 


[Art. 433.] 
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TOEPEDO EXPERIMENTS, JUNE, 1775. 


[GOC 


Tried with 2 loops of machine*. 


[Rows. 

7 

1 

1 

7 

1 

1 

7 

1 

1 

1 

1 


Jars el. 

3B + C + 4A 
4A 
B+ A 
R 

B + 2A 
B + 3A 
R 

B + A 
B + 2A 
B+A 
B + 2A 


Eqniv.] 

17*2 

3- 3 
3*6 

20-6 

4- 6 

5- 6 
20-6 

3- 5 

4- 5 
3*5 
4-5 


did not. 
did. 

did not. 

did. 

did. 

did not. 
did. 

did not. 
did. 


3B+ C + 2A = (9*2) commnn. to 1 row, 2“ passed through 2 loops, 
once missed, once did not pass through 3, never tlirough 5. 


R communicated to 7 rows = 20*6 was tried 3 times without ever 
passing tlirough 3 rows. 


Wed. May 31 [1775]. 

606] 1 jar was elect, and commun. to 1 row of battery, and shock 

taken without torpedo. There seemed a little difference in the strength 
of the shock according to wliich row it was communicated to, but hardly 
more than was observed at different times from the same row. 


Result of exp. May 30. 

607] By moan, quant, el. req. to give same shock with 7 rows is to 
that with 1 18*3 ; 11*5 :: 1-6 : If. 

{ ■[ links 

2 loops ^ rows is to that with 1 

^ ^ f6-6.to 1 » (6.2 to 1 , (6-4 to 1 

m rat between ^ ^ j , by mean as ^ 


Tu. June 6 [1775]. 

608] The 2"*^ leather Torp. was tried in sandj wetted with salt 
water. The Torp. lay flat on sand and was covered by it all but pos. 
elect, parts & middle of back. With 3 rows charged to 1 felt a shock 
whether I laid bare hands on torp. & on sand 16inc. dist. from nearest 
part of D°. or whether I touched torp. with metals. In latter case shock 

seemed much the same as shock 10 inch plate crown glass § received 
91 

through Lane’s el. at 

If I laid pieces of sole leather |1 which had been soaked in salt water 
for a week and then pressed between paper with J hundred weight for 


* [Arts, m, 605.] t [Arts. 406, 573, 610, and Note 31.] 

t [Art. 422.] § [Arts. 411, 430.] || [Art. 423.] 
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SHOCK THROUGH SALTED WOOD. 
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J day to drain out moisture on torp. and on sand, and received shock 
with metal that way, shock was about equal to that of 10 inc. plate with 

Lane at . 

1600 

The tot*p. taken out of sand and tried with metiils in usual way gave 
shock about equal to D® plate, Lane at 18|. 

Being tried in same manner with 1 row, shock was weaker than in 
sand through leathers, «fe with 2 rows stronger than without leathers. 

The spe. gra. bottle with water which came from sand weighed 
8 . 4 . 11. Til. at 69, so tliat the water with which it was moistened 
appears to be of right strength. 

609] Bits of beech, wainscot & deal* about f inch square were 
soaked in salt water for 3 or 4 days, then taken out and wiped and 
exposed to the air in dry room for about 6 hours. 

The shock of the Torp. was received touching pos. cl. part with 
metal and nog. with one of these bits, the end which touched tho 
torp. and that part which I held in hand being bound round with 
tin foil. 

With 6 rows elect, to 1 I felt slight shock tlirough wainscot : dist. 
tinfoils 2 inc. 

With D® charge through deal, tinfoils at 1 inc., none. 

With 3 rows to 1|^; received shock through beech, tinfoils at 4J inc. 
dist., about as strong as with 1^ rows when touched with metals on both 
sides. 

With D® charge through inches of dry deal dipt in salt water 
and tried the instant it was taken out, none. 

Taking hold of tail in one hand <k touching pos. side with metal, 
brisk shock. When touching neg. side with metal much slighter, the 
exper. tried with each pos, and each neg. part, 

Mon. June 12 [1775]. 

610] Jar 1 elect, to 2| by pith el. seemed to give shock of same 
strength as B + 2A comm, to whole battery ; it was weaker than 2B 
and stronger than B conimun. to D®, but as there is a good deal of 
difference between the sensations of the 2, it is not easy comparing 
them. 

According to this exp. the numb, jars which el. should be divided 
amongst in order to ^produce given shock should be as the 2 ^ power of 
quant, el., and therefore el. 2 jars should be comm, to 5^ more in order 
to produce same shock as 1 jar t. 


[Art. 688.] 


t [Arts. 406, 673, and Note 31.] 
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TOUPEDO EXPERIMENTS, JULY, 1775. 
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Mon. June 18 [1776*]. 

IR + 3B + C + 2 A comm, to 7 rows = (311), it ol. to a given mark 
on pith el. gives shock equal or rather greater than 1 row el. to same 
degree and not commiin. to rest. 

1R + 313 + 0 + 2A elect, to on straw el. and comm, to rest 
always passed through 1 loop of machine. The same elect, to 1 some- 
times passed, sometimes failed. 

1 row charged to 1 and not cominun. to any more passed 3 times 
through 5 loops without once failing. 

IR + 3B + 0 + 2 A cl. to 1 and comm, to rest would never pass 
through 2 loops. 


611] 2“** Leather torpedo tried under water with metals with glass 

tubes on them, all rows charged to 4 gave brisk isli shock, which was 
miich greater than shock out of water with 1 row to IJ, but rather 
less than with 2 rows to D“. 


The shock received in same manner with 1 row not communicated 
to rest was less when el. to 1^, and about equal when el. to 21. 

With 7 rows cl. to 1^- shock of D® Torp. when received through the 
salted lime tree wood gave slight shock about equal to 3 A passed through 
same wood without torpedo. 


Charge of 7 rows el. to 4 is to that of 1 % row el. to 1.1 as 
7x2-8 




: 1 12 to 1. 


612] Tu. July 4 [1775]. 2"** leather torp., the wire belonging 

to convex side fastened to outside of battery and inside of battery touched 
by wire of flat side. 

3 rows of battery charged to LJ and comm, to remainder. Under 
water no sensible diff*. whether I touched convex or flat side with one 
hand. 

Out of water, touching tail with one hand and one side of one elect, 
organ with metal, a inucli greater shock if I touched convex side than 
flat side. The event was the same if it was elect, by neg. elect. 

Touching convex side of both organs with one hand only, standing 
on electrical stool, a shock in that hand, but I think scarcely so strong 
as under water. 

Touching flat side in same way, much the same. 

Laying 1 finger on convex surface of one organ & another finger of 
same hand on the middle of the convex surface, a very slight shock. 


[Probably June 19, 1775.] 
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Laying one finger on convex surface of one organ & the other on 
the nearest edge of tlie torpedo, a considerably greater shock, but not 
strong. 

Laying one finger on convex and another on flat side of same oi’gan, 
a considerably greater shock, but do not know how to compare it in 
point of strength with tliat taken the usual way. 


Tried xcithout any torpedo 

613] 3B being comm, to 7 rows and passed through 1 loop of 26 
links of small chain. If the chain was not stretched by any additional 
weight, the shock did not pass. If the middle link was stretclied by a 
weight of 7 pwt. it passed, the light was visible in a few links. If 
it was stretched by a weight of 13J- pwt. no light was seen. There was 
no remarkable difference in the strength of the shock, whether it was 
received through chain tended by 13^ or without chain. 

The cluiin was fastened to the same machine that was used in a 
foi’mer experiment, it was 7*9 inc. long and the distance of the sup- 
ports 5*1. 

The room was quite dark, it being tried at night without any candle 
in the room. 


3 rows of battcjy were elect, till pith ol. sep. to 1, its el. was 
then comm, to tlic rest of the battery, & I received the shock of 
1 row, the elect, having its choice whether it would pass through my 
body or through some salt water. I then elect. 1 row of battery till 
pith el. sep. to same degree, and coramun. its elect, to rest of battery and 
received the shock of 5 rows of it in same manner. The shock seemed 
to be nearly of same strength, perhaps rather loss. 

Therefore shock of 5 rows elect, to a given degree seems about equal 
or perhaps rather less than that of 1 row cl. to 3 times that degree. 


614] The mean thickness of the section of the elect, organ in the sec- 
tion given in Mr H. t 2 )aper, in which the bi-oadth is 10*3 inches, that 
is, the same as my torpedo’s, is 1 *3 inc. ; the area of one organ is 


12 - 

2 5 X X yy'j 9-^ sq. inc., as found by cutting out a piece of paper 

1 {) .V 


of that size and weighing it 


And according to Mr IT. there are about 150 partitions in 1 inch, 
therefore comp, charge both organs reckoned in old way is 

19 X 1*3 X 150 X I X 150 = 748000, 

and the real charge is 1122000 inches of el. supposing the par- 


* [Art. 437.] 

t [Anatomical observations on the torpedo. 
Trana, 1773]. Art. 436.] 


By John Hunter, F.R.S., [Phil. 
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titions to consist of plates of white glass iiic. thick, which is about 
2^ times as much as my battery, that being = 451JJpO inc. cl. 

• 4 - 

615] Tried with the leather torpedo, new covered, in large 

trough full of water, the torpedo 
laid flat as in figure, the electrical 
organ being (as supposed) 3 inches 
under water. 

If torpedo was tried out of water 
with 1 row to 1|^ comm, to 7 and 
touched with hands in usual man- 
ner, the shock was just felt in 
hands, and if touched with metals, 

was just sensible in elbow. 

Tried under water in above-mentioned manner with 7 rows el. to 4, 
the upper surface being touched witli the pestle of a mortar held in one 
hand, the other hand dipt into water as far as wrist, a shock in the wrist 
of the hand in the water I believe full as strong as the former. 

The place where the hand was dipt into water was about 1 1 inc. from 
the front of the fish, and conseq. about 14 from elect, organ. 

Tried in the same manner as before, except that the fish lay in an 
open wicker basket*, just big enough to receive it, and which had been 
soaked for some days in salt water. The shock seemed much the same. 

Holding hand in water in same manner as before without touching 
torpedo — no sensation. 

With three rows to 1| out of water, the shock was stronger if I 
touched convex side with one hand laid flat on elect, organs than if I 
touched flat side in same maimer, but the diflerence was not great. 

Charge of 7 rows el. to 4 is to that of 1 row el. to 1 J as 19-G to 1. 

The water appeared by its spe. gra, to contain of salt. 



[Art. 421.] 



RESISTANCE TO ELECTRICITY. 


616] CoTwparison of conducting 'power of salt ami fresh water in the 
latter end of March and heijlnning of Aprily 1776. 

Tried with Nairne’s hist battery, 6 jars being chose, each of wliich 
lield very nearly the same quantity of electricity; tlie wires run into the 
bent ends of the tubes being made to communicate witli the outside of 
the battery, and the wires run into the straight ends being fastened to 
separate pieces of tinfoil. 

The six jaM were all charged by the same conductor: the communi' 
cation with that and each other wtis then taken away, and the jars dis- 
charged through the tubes, one after the other, by touching the above- 
mentioned bit of tinfoil by metal held in one hand, and the wire of the 
jar by metal held in the other Tiand, the shock being received alternately 
through each tube. 

617] Exp. 1. 

Distance of wires Rat. sol. S.S.* in tube 14, 

In tube 15 14 salt in 09 of water in tube 15. 


6*5 inc. 
5 -8 

3- 5 

4- 2 

5- 3 


40 *7 very sensibly less 

sensibly less 
sensibly greater 
scarce sensibly 
just sensibly less 


in short 
tube than 
in long 
one. 


Straw clcctrom. = 4. Th. — 57. [Resistance = 390000 Glims, t] 


Resistance of 4*7 inches in tube 15 supposed ecpial to 40*7 in 14. 
Therefore sat. sol. conducts 8*6 times better than salt in 69 of water. 


Exp. 2. The same solution tri&l in tubes 22 and 23. 

Tube 23 22 electron!, at 1 J. Th. 58. [R. - 1 18000]. t 


3*3 41 sensibly greater. 

5*5 less in same proportion. 

4*4 inches in tube 23 = 41 in tube 22. 

Therefore sat. sol. conducts 8*94 times better than salt in 69 of 
water. 

* [Saturated solution of sea salt.] 

t [The resistance of the saturated solution in Ohms, calculated from the measure- 
ments in Art. G35 by Kohlrauseh’s data, is given for each tube within brackets to 
indicate the absolute value of tlie resistances comx>arcd.] 


M. 


21 
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Exp. 3. A new saturated solution and solution in 69 of water made 
and tried in tubes 15 avul 14. [-R. = 390000.] 

3*5 40*7 just sensibly greater. Electrom. = 3. 

3*1 very plain. Th. = 57. 

5-5 sensibly less. 

5*0 just sensibly less. 

Tlicrefoi’e now saturated solution conducts 9-61 times better tlian 
now solution in 69. 


Exp. 4. Salt in GO of waiefr compared with salt in 999 of water i/n 
22 23. [R. = 1230000.] 

Electrometer = IJ. 

Th. =57. 


23 

22 


31 

4M 

sensibly greater. 

3*5 


scarce sens. 

4-3 


scarce sensibly less. 

4-9 


just sensib. 

5-3 


very sensib. 


Resist. 4*1 in tube 23 supposed equal to 41*1 in 22, 

Therefore salt in 69 conducts 9*67 times better than salt in 999. 


Exp. 5. 
and 20. 

20 


•78 

1*2 

1*4 

1*05 


Salt in 999 compared ivith distilled water in tides 12 

[R.^. 462000.] 

12 Electrom. = 3. 

, Th. - 58. 

43*5 sensib. greater. 

scarce seiusib. loss. 

diff. more sensib. than iji P* trial. 

supposed right. 


Therefore salt in 999 conducts 36*3 times bettor than distilled 
water. 


The distilled water changed for rain water. 

1 *9 sensib. greater. Electrom. = 3. Th. = 58*^. 

3-3 less, rather more sensib. than former, 

supposed right. 


Therefore rain water conducts 2*4 times better than distilled water, 
or 15 *2 times worse than salt in 999. 

The rain water changed for distilled water with aTyo'OT 
it. 

5*3 i I sensib. less. 

2*7 about as much greater. 


Therefore salt in 20000 of distilled water conducts [3*67] times better 
than distilled water, or 9*92 worse than salt in 999. 



C18] 


SOLUTIONS OF SEA SALT. 
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[6] Saturated 'solution and salt in 69 of water {the new solutions) 
compared in the same manner^ only using the jars 1 and 2 instead of the 
battery; with the tubes 5 and 17. 

17 5 [R. = 25100.] 

2*6 41*1 sensib. greater. 

5*5 sciisib. less. 

Therefore saturated solution conducts 10*05 times better than salt in 
69 of water. 

618] The electricity of the 6 jars was found to be as much 
diminished by being communicated to 3 rows of the battery as that of 
1 row is by being communicated to 4 rows, therefore quantity of elec- 
tricity in the 6 jars is to that in one row as 3 to 4. 

Exp. 7. Saturated solution and salt in 69 {the new solution^ tried 
in the same manner with battery ; 1 row being electrified to 2, and its 
electricity communicated to remaining rowsy and one row used at a 
time. 

Tried in tube 5 and 17. [R. - 25300.] 

17 5 

5*4 41*4 plainly l(3ss. 

2*6 about as much greater. 

3*0 scarce sensibly greater. 

5*0 just sensib. less. 

3*95 supposed right. Therefore sat sol. conducts 10*31 times better 
than salt in 69. 

Exp. 8. Saturated solution compared with salt in 29 in tubes 22 d; 
23 with Nairnds jars. 

23 I 22 j Electrometer 1. Th. 63. [R. - 65000.] 

8*7 24 ’9 I just sensibly less. 

4*8 I about as much greater. 

The bore of that part of tube 23 which w'as usc<l is sup})oscd 
gi’oatcr than that of whole tube together. Therefore sat. sol. conducts 
3*51 times better than salt in 29 of water. 

Exp. 9. The solution in 29 diluted toith 1 J of water , id est, solution 
of salt in 69, compared with sat, solution in same tubes. 

23 22 Electron!. = 1. TJi. -- 63. [ R. - 65000.] 

2*0 24*9 greater. 

3*8 about as much less. 

Therefore sat. sol. conducts 7*79 times better than- the diluted solu- 
tion, and the diluted solution conducts -2*2 times worse than solution 
in 29. 


21—2 
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resistance to electricity. 


[619 


Exp. 10. Saturccted solution compared with salt in 69 in same 
tubes. 


23 

22 

31 

24*9 

1-9 



[R. = 65000.] 


Th. = 63. 


scnsib. less. Electron). = 1. 
as mucli greater. 

Therefore sat. solut. conducts 9*02 better than the solution in 69. 

619] Examination lohether salt in 69 conducts better when warm 
than when cold. 

Salt in 69 in tube 17 placed in water; solution in 29 in tube 23 out 
of water, the distance of wires in tube 17 being not measured, but 
remaining always the same. 

Electrometer = f. 

23 


heat of water = 105. 


8-1 scnsib. less I heat of water = 581. 

5 about as much greater) 

4 plainly less 

2*6 as much greater 

Therefore salt in 69 conducts 1*97 times better in heat 105 than in 
that of 58J*. 

620] Examination whether the proportion which conducting power of 
sat. sol. a'nd salt in 999 hear to each other is altered by heat. 

Sat. sol. in tube 15, salt in 999 in tube 19, both in water; distance 
of wires iu tube 15 not altered. 


19 


Electrom. — 1 


3*25 sensib. less ) i . r x m 

0.1 E . > heat of water 50. 

2*15 sensib. greater) 

2*25 just sensib. gi-cater 1 electrom. — 1. 

3*5 rather more sensib. less) heat of water 95. 

Therefore the proportion seems very little altered by heatt. 

621] Jan. 1, 1777. Salt in 2999 of water compared with water 
distilled in preceding summer in tubes 12 and 20. 

20 12 Electrom. = 

1*5 43*5 rather greater. Column of 1*6 in .tube 20. 

1 *95 plainly less. Supposed equal to 43*5 in tube 12. 

1 *4 greater. 

Therefore allowing for different bores of tubes, salt in 2999 conducts 
24 times better than distilled water. 


* [By the experiments of Kolilrausch, this ratio would be 1*59. See Art. 691 
and Note 83.] t [Tliis agrees with the results of Kohlrausch.] 
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DISTILLED AND SALT WATER. 
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Jan. 2 M. Same experiment repeated with the same water, which 
had been left in the tubes all night. 


20 

12 


1-4 


plainly greater. 

1-9 


seemingly less. 

21 


plainly less. 


Therefore salt in 2999 conducts 22 times better than distilled 
water. 

The same experiment repeated, only the water in the tubes was 
changed for fresh by pouripg out the old and putting in fresh by small 
funnel, without taking out the wires. 

1 *1 plainly less. 

•35 plainly greater. 

*7 plainly less. 

Therefore salt in 2999 conducts 72 times better* than distilled 
water. 

Tlift same experiment rei)eated, only the distilled water changed for 
that used in the preceding year. 

•4 considerably greater. 

1 *1 plainly less. *8 supposed equal. 

Therefore salt in 2999 conducts 47 times better than distilled 
water. 

Jan. 3. Experiment repeated with the same water left in. 

•8 plainly greater. 

1 *2 plainly less. 

Therefore salt in 2999 conducts 38 times better than the distilled 
water. 

The distilled water changed for the now distilled water. 

•28 plainly greater. 

•6 plainly less. 

Therefore salt in 2999 conducts 86 times better than distilled water 

Salt in 2999 C 07 npared with salt in 150,000 in same tubes, 

1’2 43*5 sensib. greater. Electrom. = 4|^. 

1 ‘1 sensib. less. 

Therefore salt in 2999 conducts 26 times better than salt in 150,000. 

The experiment repeated with the same waters, only the wires in 
tube 1 2 brought nearer. 

•3 12-5 sensib. greater. Elcctrom. = 1 J. 

•45 — sensib. less. 


[See Art. €90.] 
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. 6221 Excmvnation whether eompa/rtUive resistance of salt in 2999 
a/nd salt in 150,000 was tlie same when Pried m the ahomrmentioned 
Tna/nner^ or when passed through 2 wires m glass of water ^ as in Jlg,^ 


Jan. 6. The tubes 12 and 20 filled with salt in about 105 of water : 
salt in 150,000 of water in glass. 2 jars electrified to If and communi- 
cated to the rest. 


33*5 


If the distance of wires in tube 12 was the shock was sensibly 


(less 


Igreater through the wires in glass. 


The same tried as before, only with tho jars electrified to 2 and the 
shock received with shock melter*. 

If the distance of wires in tube was plainly 

than through wires in glass. 

The glass filled with salt in 2999 and the shock compared with that 
through tube 20 with same solution of salt in 105. 

The jar electrified to 2 and received with shock meltert. 

If dist. wires in tube 20 was shock was tkan through 

wires in glass. 

N.B. Great in*egularity was found in trying this last experiment, 
the cause of which I am unacquainted with. 

Therefore salt in 2999 conducts 31*5 times better than salt in 150,000. 

The same salt in 150,000 which was used in this experiment was 
saved and compared with salt in 2999 in the usual manner with tubes 
12 and 20, electrometer at 4}. 

(1*2 

If distance of wires in tube 20 was < ^ .g pj shock was plainly 
than through tube 12 with wires at 42*4 inches distant. 

Therefore salt in 2999 conducts 24*6 times better than salt in 150,000. 

The thermometer in all the foregoing experiments of this year sup- 
posed to be about 46®. 


^greater 

(less 


623] Exp. 11. Saturated solution in tube 14 compared with salt in 
149 q/* water in tube 15. 

Tube 15 14 Electrometer at 34. Th. =45. 

[R. = 474000.] 


1*6 41*8 sensib. greater. 

2*6 sensib. less. 

Sat. sol. conducts 20*5 times better than salt in 149. 


* [See figure in facsimile of MS. on opposite page.] 

t [The reading here is doi&tfal ; see facsimile of MS. on opposite page. Gaven- 
dish says, Arts. 601, 602, 616, that he took the shook with metaU in each hand, hut 
the word here cannot be read **metah” The word occurs also in Arts. 585 and 667.] 
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Exp^ Jail. 8. Sat. aoL in tube 22 compart mtk Bcdt in 149 in 
tvibe 28 ? 


Tube 23 Tube 22 


Electron!. IJ. Th. = 42. [R.= 148000.] 


1*6 

1-8 

2*4 

2-2 

2-0 

1-8 


plainly greater. 

seeming, greater, but doubtful. 

plainly less. ‘ 

ratber less. 

not sensib. different. 

seemed greater. 


1 * 8 + 2-1 
2 


in tube 23 supposed = 41 in tube 22. 


Therefore sat. sol. conducts 19*0 times better than salt in 149. 


Exp. 13. Salt in 149 in tube 5 compa/red with salt in 2999 in tube 
17. 


Tube 17 


5 


Electrometer = 3. Th. = 44. [R. = 652000.] 


1*8 

2*8 


40-5 


sensib. greater, 
sensib. less. 


Salt in 149 conducts 17*3 times better than salt in 2999. 
By new measure of tubes. 


Exp. 14. Same solutions in tubes 18 'and 19. 


Tube 19 


18 


Electrometer = Ij*. [R. = 308000.] 


2*2 

24 

3*0 

2*8 


42*8 


sensib. greater, 
not sensib, 
sensib. less. 

seemed less, but doubtful. 


2*2 + 2*9 
2 


in tube 


19 supposed equal to 42*8 in tube 18, 


Salt in 149 conducts 16*7 times better than salt in 2999. 


Exp. 15. Jan. 9. Sat. sol. in tube 22 compared with salt in 29 in 

tube 23. 

Tube 23 | 

22 

Electrometer = 1^. Th. = 42. 

9-7 

36-8 

[R. = 128000.] 
sensib. less. 

9-4 


Seemed less, but doubtful. 

6-6 


seemed greater. 

6-9 


not sensib. gr. 

6-3 


sensib. greater. 


6*5 + 9*7 supp. = 35*8 in tube 23. 

Sat. sol. conducts 4*38 times better than salt in 29. 



928 1 ^# 

624] Oampmism of toater jo^u^d air b^ bcilmg tmd j^in water. 

Jan. 12. Baltin 2999 in tube 12. Salt in 150^000 in tube 20. 


Tube 20 

1*2 

1-4 

1-8 

20 


12 


Electrometer = 4 J. Th. ;= 60. 

plainly greater. , 
seemed greater, but doubtful, 
seemed less, but doubtful, 
plainly less. 


The water was then boiled over lamp in the same vial in which it 
had Ibeen kept some time, and then cooled in water and compared in the 
same manner. 

sensib. less. 

seemed less, but doubtful, 
seemed greater, but doubtful, 
plainly greater. 

Therefore if anything water conducted better before boiling than 
after, but the difference might very likely proceed from the eiTor of the 
expeiiment. 

In order to see whether the water had absorbed much air by being 
exposed to the air in the trial, some of the boiled water was exposed to 
the air as much as that which was tried in the tube was supposed to 
have been, and boiled over again in a vial. It did not begin to discharge 
air till it was heated to 190^ and then discharged but little. Some more 
of the boiled water which had not been poured out of the vial seemed to 
discharge as much air. But some distilled water which had not been 
bpiled began to discharge air almost as soon as heated, and discharged a 
great deal before it began to boil*. 


2-0 

1‘8 

1*2 

10 


625] Comparison, of water impregnated with fixed air and plain 
water. 

Some distilled water was im|)regi 9 iated with fixed air produced 
by oil of vitriol and marble, and compared with salt in 2999 in same 
,tubes and manner as in former experiments. 


r-c 

1*4 

2*4 

2-6 

2*8 


Electroiieter ?= 4^. Th. = 56. 

seemed greater, but doubtful, 
plainly greater, 
not sensibly less, 
sensibly less, scarce doubtful 
plainly less. 

* [See Art. 00#J 
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•A- ■ ' 

-The same ivater deprived of- its fised air by boiling, and tried as 
befora* ^ * 


Tube 20 

12 ' 

1-2 


1-0 


•9 


•6 


•7 



plainly less, 
hensib. less. 

seemed less, but (loubtful. 
plainly greater, 
not sonsib. greaiter|. 


626] 2*3 of Sal. Amm., 3*2 of Sal. Sylvii, 3*17 of Quadr. nitre, 2*21 
of calcined Glauber’s isalt and 14*10 of calc. S. S. A.t wore dissolved in 
water, the solution of each being 3.10.12, that is, such that the quant, 
acid in each should be equiv. to that in a solut. salt in 29 of water. 


Jan. 13. SaL Sylvii in tube 15 compared with salt in 29 in tube 22. 


Tube 15 

22 

Electrometer = 2. Th. = 



[R. = 253000.] 

6 

18-2 

seemed greater, but doubtful. 

4-5 


plainly gi*eater. 

7 


seemed less, but doubtful. 

7-7 


seemed less. 

8-2 


plainly less. 

- = 6*2 supposed right. 

J 

Jan. 14. StU, 

amm, tried same way. 

7-2 


! seemed less, but doubtful. 

7-9 


plainly less. 

6-3 


sensibly greater. 

6-8 


seemed greater, but doubtful. 


Gale, S S, tried same way. 


4*0 

4*5 

CO 

5*5 


plainly greater, 
scarce sensib. gr. 
plainly less, 
sensib. less. 


Salt in 29. 


4*5 
5 0 
7*0 
6*5 


plainly greater, 
scarce sensib. greater, 
plainly less, 
scarce sensib. less. 


* [See Art. 693.] ^ 

t [See facBimile on the oplbsitc page. The results arc given in Art. 694. 
Note 34 and Preface.] • 


See 


% 
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Glaiihen^s salt. 
Tube 15 


22 


4-2 

3- 8 

4- 2 
4-4 
4*0 
3*4 
3G 

Qumlrang, nitre. 

4-0 

4*3 

6-0 

G-2 


plainly less, 
no sens. diif. 
sctirce sens. less, 
do. 

just sens. less, 
sensibly greater, 
scarce sensib. loss. 


plainly greater, 
seemed greater, but doubtful 
seemed less, mther doubtful, 
plainly less. 


627] 2*0 of oil of vitriol, 2, 5*10 of spirit of salt 2, and 5*19 of 
f. alk. I), wore diluted with water, the solution being 3 . 10. 12. Con- 
sequently the quantity of acid in 2 first were ecpiivalent to that in salt 
in 59 of water, and the alk. in last was equivalent to tliat in salt in 29 ; 
compared in the same manner as the former. 


Jan. 15. F. alk Th. 


4-5 

4- 0 
3-7 

5- 7 
5-4 


scarce sensib. greater, 
seemed greater, but doubtful, 
plainly greater, 
plainly less. 

seemed less, but doubtful. 


Diluted oil of vitriol. 

4-0 

4-3 

5*0 

4*7 


sensib. greater, 
not sensib. 
sensib. less, 
not sensib. 


Diluted spirit of salt. 

1 1 '8 seemed less, rather doubtful. 

8-0 seemed greater, rather doubtful. 


Another diluted spirit of salt was made of same strength as the 
former. Being tried with wires at 9*9 inch, distance no sensible difference 
wiis perceived, which agrees with former. 

Another diluted oil of vitriol was made and tried, J an. 1 G. 

5 ‘2 sensib. greater. 

7*7 sensib. less. 
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SOLUTIONS OF SALT. 
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Experiments in January, 1781*. 

628] Some basket saltf was dried before fire, and a saturated so- 
lution made with it which contained of saltj, and also other solutions 

OW o 

of different strengths, all being made with distilled water. 

Sat. sol, in tube 14, salt in 69 in tube 15. [R. = 399000.] 

15 I 14 I Electrometer Tli. = 53. 


3-6 

5-8 

5-4 


39-1 


stmsib. greater, 
plainly less, 
senaib. less. 


4*5 supposed right. 


Sat. sol. conducts 8*63 times better than salt in 69. 


Same solutions hi same tubes. 


fl-t 

plainly less. 

r)-i 

seemed rather less. 

3-6 

scarce sensib. greater. 

3-3 

sensib. greater. 


1*3 supposed right. 


Sat. sol. conducts 9*03 times better tlian salt in 69. 


Sat, sol. in tube 14, salt in 29 in tube 15. El. = 3J. 

7*3 sensib, greater, r. . i • i i. 

11-0 sousib.rc«s. 9-1 supposed riglit. 

Sat. sol. conducts 4*1 times better than salt in 29. 


Tlie same solutions in same tubes. 


10-7 I 
7-5 I 
7*8 i 
9*7 ; 


seemed rather less, 
sensib. grcatcT*. 
seemed ratlan* greater, 
sujiposed right. 


Sat. sol. conducts 3*85 times better than salt in 29. 


The same solutions in same tubes. El. = 1 J. [R. - 136000. 


2*6 

2*6 

3*7 

3*5 

3*3 


13*3 


seemed rather greater. 
D** scarce sensib. 
plainly less, 
sensib. less, 
seemed rather less. 


2*95 supposed right. 


Sat. sol. conducts 3*95 times better than salt in 29. 


* [Tlie results of these experimeuts are collected in Art, 095. See Note SO.] 
t [“ Salt made up in forxn of sugar loaves, in small wicker baskets, whicli is 
thence called loaf salt or basket salt.** Itces' Uyclopmdia.^ 

i [26*45 per cent. Saturated solution at 18®C is 20*4 per cent, by Kohlrnusch.] 
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SaU sol, in tube 14. Salt in 11 in tube 15. EL If. 


15 1 

14 1 

[R. - 1360 

4-7 

13-3 

sensib. greater. 

8 


plainly less. 

7-6 


do. 

7-2 


sensib. less. 


5*95 supposed tine. 


Sat. sol. conducts 1*92 times better tban salt in 11. 


T/ie same again, 

7 seemed rather less. 

4-9 sensib. greater. 6 ‘05 supposed right. 

5*1 seemed rather greater. 

Sat. sol. conducts 1*88 times better than salt in 11. 


The same again, 

5*1 seemed rather greater, but doubtful. 

4-9 sensib. greater. 

7 sensib. less. 5*95 supposed true. 

Sat. sol. conducts 1‘92 times better than salt in 11. 


G29] Salt in 142 put in tubes 5 and 15 in order to find what power 
of velocity the rcsistajice is proportional to. 


15 

6 

3*3 

41-9 

3*1 


2*9 


2 


2*2 


2*4 


2*6 


3*1 



Electrometer = 3. [R. = 579000.] 


plainly less, 
do. 

scarce sensib. less, 
plainly greater. 
1 >\ 


2*75 supposed right. 


sensib. greater, 
seemed rather greater, 
sensib. less. 


Therefore log. vel. in 15 by do. in 5 = 1*2122, 
log. length in 5 by do. in 15 = 1*1829. 


Therefore 


re:;istance is as 


1*1829 

1*2122 


= *976 power of velocity. 
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The same repealed. 


15 

5 

3*2 ' 


3 


2*6 


2*5 


2*7 



sensib. less, 
hardly sensib. 
seemed sensib. greater, 
sensib. gi'cater. 
hardly sensib. 


2*85 supposed true. 


Log. vel. in 15 by D® in 5 = 1*2122, 
Log. length in 5 by D° in 15 = 1*2122. 
Therefore resistance is directly as velocity*. 


630] Salt in 69 in Vuhe 22. Salt in 999 m 23. 

23 Electrometer = 3|. [R. = 1335000.] 


4*9 41*5 

4*6 

4*3 

3*6 

3*7 

3*4 

3*2 

3*4 


plainly less. 

m 

scarce sensib. less, 
sensib. greater, 
scarce sensib. greater, 
seemed greater, 
plainly greater, 
sensib. gi'eatcr. 


4 supposed true. 


Salt in 69 conducts 9*91 times better than salt in 999. 


T/te sa/nie repeated 


3*4 


seemed greater. 

3*6 


scarce sensib. greater. 

3*2 


sensib. greater. 

4*3 


scarce sensib. less. 

4*5 


sensib. less. 


3*85 supposed true. 


Salt in 69 conducts 10*3 times bettor than salt in 999. 


The same liquors m tubes 5 and 17. 

17 5 Electrometer 1 J*. [R = 288000.] 


4*2 42*2 

4 

3*8 

3*1 

3*3 


plainly less, 
sensib. less, 
hardly sensib. 
sensib. greater, 
hardly sensib. 


supposed right. 


Salt in 69 conducts 11*31 times better than salt in 999. 


[This is the first oxperimontal proof of what is now known as Ohm’s Law.] 
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Tlie same repeated. 

17 I 

3-3 I hardly sensib. greater. 

3-1 I sensib. greater. 

4 I not sensib. less. 

4*2 I seemed rather less. 

4*3 I I>*. 

4*4 ! sensib. less. 

Salt in 69 conducts 10*75 times better than salt in 999. 


Salt in 999 in tube 12 ; distilled loater in tube 20. El. = 2^. 

[11. = 494000.] 

20 12 

43*3 seemed rather less. 

2 or 3 hours after it seemed rather greater at *5. 

Next morning was plainly greater at *7. 

Tho water being changed for fresh, seemed rather less at *3 


The distilled water changed for salt in 20,000. 

2*1 sensib. less. 

2 not sensib. less. 

1 *7 sensib. greater. 

1 *8 seemed rather greater. 1 *95 supposed right. 

1*9 not sensib. greater. 

2*1 sensib. less. 

Salt in 999 conducts 20 times better than salt in 20,000. 

Salt in 20,000 conducts about 7 times better than distilled water ; 
therefore if distilled water contains looVoo of salt their conducting 
powers will be as the quantity of salt in them. 


21ie same repeated. Electrometer 2. 


2*1 

2*2 

2*3 

2*4 

2*5 

2*3 

1*7 

1*6 


I 


not sensib. less, 
seemed rather less. 

plainly less, 
seemed rather less. 


2 supposed right. 


seemed rather greater, 
plainly greater. 


Therefore salt in 999 conducts 19*5 times better than salt in 20,000. 
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Tlie waiera changed for freak. El. ~ 2| . 

20 12 

2 scarce sensib. different. 

1-9 D” 

1*8 sensib. greater. 

2*1 not sensib. less. 2 ’05 supposed right. 

2*3 sensib. less. 

Salt in 999 conducts 19 times better than salt in 20,000. 

The same repeated. El. 2. 


1 *95 supposed right. 

Salt in 999 conducts 19*8 times better than salt in 20,000. 

Salt in 69 in tube 22. Salt in 142 in tube 23. 

23 22 El. -2. [R.- 407000.] 

7*3 12*65 seined rather less. 

7*5 sciisildy less. 

6*3 not sensib. greater. 6*75 supposed right. 

6 sensib. greater. 

Salt in 69 conducts 1*74 times better than salt in 142. 


seemed rather greater, 
doubtful, 
plainly greater. 

seemed rather less, 
scarce sensibly less. 

Salt in 69 conducts 1*84 times better than salt in 142. 

Salt in 999 m tube 12, distilled water in tube 20. El. =2^. 

[11.-494000.] 

•83 sensib. less. N.13. The tubes liad been measured 

•7 sensib. greater. between the last trial and this. 

The distilled water was then changed for fresh. 

*3 I ; sensib, less. 


The same repeated. 

6 I 
5*8 
5*6 
5*8 

7*3 

7 

6*8 I 


2*3 

42*9 

semsib. less. 

2*1 


scarce sensib. less. 

1*8 


seemed rather greater 

1*7 

1 

IX 

1*6 


sensib. jrreater. 
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Another bottle was filled with distilled water and tube 20 filled uf 
again with that. 

*3 I I seemed rather less. 

631] Tim tube 20 filled with the same distilled water mixed with 

of wine. 

•3 I I seemed not sensibly less, 

Sayne mixture mixed with more of spirits of wine, id est, sp* whu 

in IS of distilled water. 

*3 I I scarce seusib. less. 

Equal hulks of sp^ wine and distilled water. 

•3 I I seemed scarce sensib. less. 

Evre spirits of wine. 

*3 I I seemed of 2 rather greater. 

Therefore tlicre is not much difference between the resisting power 
of the above distilled water and sjiirits of wine and mixtures of the 2 ; 
but of the 2, spirits of wine resists least. 


[Calibration op Turks.] 


632] Tube 14. 


Dist. mid. 
col. from 
str. end. 

Length 

col. 

3-6 

4-08 

9-2 

4*03 

13-6 

3-9 

18-1 

3-7 

25-5 

3*54 

311 

3-46 

36-8 

309 

42 

2-8 


Tube 15. 


- 3-6 

5*32 

+ 1-7 ' 

516 

+ 7-9 

4-95 

+ 9-9 

4-4-7 

+ 11-6 

4-67 


col. = 2-45. 


40*6 inc. 28*5 gr. 
4-26 = 3gr. 


12*2 inches of tube next to bend contain 
I part of ^ of that in col. 42*5 long. 


col, = 3 -25 gr. 
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After it was measured 7 inches were cut off from straight end, and 
the numbers in the first col. are the distances from the shortened end. 
A new bend was also made 12*8 from new end, and the part where the 
tube is equal to tube 14 is at 10*3 from D®. 

633] Jan. 1781. The following tubes were measured over again 
by introducing a col. ^ measuring its length in 3 different places, 
the beginning of the 1"‘ col. being at ^ inch from bend, and the begin- 
ning of the second at the end of the first. Another column was after- 
wards introduced whose le\igth was pretty nearly equal to tlie sum of 
the 3 former, and weighed. 


N<»of 

1st 

and j 

3«» i 



tube. 

col. 

col. 

col. 



14 

12*2 

14*3 

16 

41*8 inc. « 

29‘3 

15 

3*47 

3*71 

3*86 

11.56 = 

7*7 

22 

13*03 

13*65 

14*6 

41*8 

100 

23 

3*6 

3*3 

3*00 

10 

24*5 

5 

12*65 

14* 

13*5 

42*1 

489 

17 

3*25 

3*18 

3*08 

9*9 

116 


634] The two following tubes were measured by stopping up the 
end near bend and weighing them with different (piantities of ^ 
iliem, and measuring the distance of the top of the column from straight 
end, whence it was found that in 



14*8 

long beginning 

1448 

N® 12 a col. 

28*6 

at 1 inch 

2777 


42*8 

from bend 

4033 


3*17 

long beginning 

270 

N® 20 a col. 

6*27 

at 1 inch from 

543 


9*97 

bend weighed 

881 


635] In the following result the column whose length is given in 
the 2'“* column is supposed to begin at ^ inch from the bend. 

By the resistance of each is meant ^ —4 =— j — r • 

grams $ in each inch 


[The resistance of a column of mercury one inch long weighing one 
grain is *13 Ohms, and the resistance of saturated H()lution of salt at 
t“ Centigrade is to that of mercury as 10® is to 2015 + 45*1 (t-18). 
Hence the resistance as given by Cavendish must be multiplied by 
6907 + 82*2 (59 — T) to convert it into Ohms when the tube contains 
saturated solution at T® Fahrenheit] 


M. 


22 
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Result. 


N,. 

Length 

column. 

Resist. 

liOg. 

do. 

Resist, 
for each 
inch. 

Log. 

do. 


12*2 

14-99 

1-1758 

1-229 

•0894 

14 

26-5 

35-58 

1-5512 

1-343 

•1280 


42*5 

61-36 

1-7879 

1-444 

•1.595 


3*47 

4-907 

-6908 

1-414 

•1505 

15 

7-18 

10-518 

1-0219 

1-465 

•16.58 


11-04 

16-591 

1-2199 

1-503 

•1769 


13-03 

5-157 

•7124 

-3958 

9-5975 

22 

2G-G8 

10-817 

1-0.341 

•4054 

9-6079 


41-28 

17-294 

1-2379 

•4190 

9-6222 


3-6 

1-588 

•2009 

•4412 

9-6446 

23 

6-9 

2-923 

•4658 

•4237 

9-6270 


9-99 

4-093 

•6120 

•4096 

9-6124 


12-65 

1-030 

•0126 

•08138 

8-9105 

6 

26-65 

2-291 

•3600 

•08596 

8-9343 


40-16 

3-463 

•5395 

•08626 

8-9358 


3-25 

-2844 

9-4539 

•08750 

8-9420 

17 

6-43 

•5566 

9-7455 

•08656 

8-9373 


9-51 

•8121 

9-9096 

•08539 

8-9314 


14-8 

•1513 

9-1798 

•01022 

8-0095 

12 

28-6 

•2946 

9-4692 

•01030 

8-0128 


42-8 

•4552 

9-6582 

•01064 

8-0268 


3-17 

-03722 

8-5708 

•01174 

8-0697 

20 

6-27 

-07243 

8-8599 

•01155 

8-0626 


9-97 

-11293 

9-0528 

•01133 

8-0541 


Comparison of resistance of copper wire with that of sat. sol. 

636] The wire was wound on reel on bars of glass about f inch 
broad, the distance of one round of wire from the next on same bar 
being *6. 

The mean circumference of reel = 46*7 x2 

There were 8 rows of glass bars, and 28 rounds of wire on each row, 
and on one row there was \ round over. Therefore whole length of 
wire *= 93*4 x^2x8x 28 + J = 29623 inches. 

* [The reel was probably square, with glass bars at the corners, the length of 
the diagonal being 46*7 inches.] 
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This weighed 2967 grains, consequently there are 9*984 inches to 
1 grain. 

N.B. There were many knots in the wire. 

637] The resistance of this wire was attempted to be compared 
with that of sat. sol. in tube 17 by shock melter* as in former experi- 
ments, but without success. It was therefore comj)ared by the sound 
of the explosion by discharging the jars by a wire without its passing 
through my body ; but in this there was considerable difficulty, as the 
light of the spark passed through the wire was very diirerent from that 
passed through the water, the first being reddish and the latter white. 
The sound also was of a diiTorent kind, the latter being sharper. 

Distance of wires in tube 17. 

El. - 4. 

*68 not sensib. ditf. 

*6 scarce sensib. stronger. 

•55 doubtful. 

•5 seemed rather greater. 

*45 sensib. greater. 

•9 seemed sensib. less. 

1 do. 

1 *2 sensib. less. 

*9 scarce sensib. less. 

1 * not sensib. leas. 

1*2 seemed rather less. - El. *^54. 

*6 plainly greater. 

*7 not sensib. greater. 

*4 not sensib. gr. 

*3 seemed rather gi*. 

•2 plainly gr. . ^ 3. 

•8 seemed rather less. 

1- ir. 

1*2 plainly less. 

1 *2 plainly less. 

1 D® 

*8 scarce sensib. less. J* El. = 3. 

*4 sensib. gr. 

*5 scarce sensib. 

*5 sensib. gr. 

*6 seemed rather gr. 

*7 not sensib. diff. 

1 seemed rather less. J 

* [See Arts. 585 and 622.] 
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63tS. Two Leyden vials were made of barometer tubes filled with 5 
and coated on outside with tinfoil. The quantity of electricity in them 
was found to be very nearly the same, but that in N® 1 rather the 
greatest. 

The charge of each of these tubes is about 714 inches, and that 
of tlie large jars about 6100, and that of the three jars 1, 2 and 4 
together is also 6100*. 

I’he shock of these tubes was received through my body in the 
same manner as in tiydng the large jars, either by making the shock 
pass throtigh the copper wire or through the sat. sol. or receiving it 
in the simple manner without passing through either : the experiment 
being tried as usual by charging both tubes from the same conductor and 
receiving the charges of one one way and the other the other. 

639. It was found l)y repeated trials that the shock received 
through the copper wire was jdaiidy greater than the simple shock. 
When received through the sat. sol. with vrires 

in contact not sen sib. less than simple, 
at *1 dist. seemed leather less, but doubtful. 

*5 D®. 

1 D®. scarce doubtful. 

2 not doubtful. 

4 D®. 

6*6 considered less. 

The tubes charged to 1^ by old electrometer. 

640] It was also found by the small jars 1, 2 or 4 that the shock 
received through the wire was stronger than the simple shock. 

The shock through the wire was also much greater than the simple 
shock when the covering which was put over the wire to defend it from 
accidents was taken away. 

It was also plainly greater when the shock passed through only 
3 rows of the wire instead of the 8. 

If the shock was received through 166 inches of the same wire not 
stretched upon glass, without any knots in it, it seemed not at all greater, 
but if anything less than the simple shock. It was the same if received 
through a piece of wire of about the same length with 37 knots in it. 

641] Some more of the same wire was stretched by silk into 
32 X 12 rows, each 78*7 inches long; consequently the whole length was 
30220 inches. It weighed 3272 grains, id eat, 9 24 inches to a grain. 

^ [Probably globular inches. The numbers do not agree with those in Art. 683.] 



643] 


SHOCK GREATKR THROUGH WIRE. 


341 


The shock of the above-mentioned tubes was sensibly greater when 
received through this last wire than when received simply, but was 
considerably less than when received through the first wire. 

They were then compared by sound with the same tube charged 
to 5^, when the sound of the shock passed through the new wire was 
sharper, and the other fuller. 

The sound of the shock passed through the new wire seemed full 
as brisk, and the light as white as of that passed through -55 of sat. sol., 
but not near so strong as when the wires in sat. sol. were in contact, 
the sound and light, however, seemed nearly of the same kind. When 
distance in tube was 1*1 the sound was evidently less loud than that 
with the wire. 

When the shock was allowed to pass through both wires, the sound, 
I thought, seemed much of the same kind as when passed through new 
wire singly. 

The shock passed through both wires felt plainly greater than the 
simple shock, and the difference seemed greater than that between the 
new wire simply and the simple shock. 

In the foregoing the shock passed at the same time through both 
wires, but it was then tried so that it should first pass through old and 
from thence through new wire. 

The shock felt then evidently stronger than the simple shock or 
that through new wire alone, but I could not tell whether it was greater 
or less than that through the old wire alone, 

642] A piece of the same wire was wound about 150 times round 
one of the slips of glass, and was laid fiat on another of these slips which 
lay flat on a table. 

The shock of these tubes seemed rather greater when received through 
this wire than when received simply, but the difference was not con- 
siderable, but it seemed evidently less than the shock received through 
the new wire. 

643] The wire was taken from off the reel with the slips of glass, , 
and all except a small part of it stretched round the garden in 14 
rounds. The shock of the above-mentioned tubes received through this 
wire felt plainly greater than that passed through the wire stretched by 
the silk threads, and much greater than the plain shock. 

The shock passed through the sat. sol., wires in contact, seemed about 
equal to the plain shock. 
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The spark passed through garden wire seemed rather redder than 
that tlirough the silk wire, but the difference was not remarkable. 

The spark passed through garden wire seemed about as strong as 
that through about *8 of an inch of satui-ated solution, but sensibly 
redder. 

644] The reel was altered, and some copper wire silvered stretched 
upon it. 

The mean circumference of reel = 44*05 x 2 J 2, 

There were 12 rows of glass bars and 42 rounds of wire on <^ch row, 
therefore whole length of wire =^88*1 x ^2 x 12 x 42 =: G2790 inches. 
This weighed 5747 grains. Consequently there are 10*93 inches to 
1 grain. 

Tho shock received through this wire felt vastly stronger than the 
simple shock; tho shock of tube 2 received through the wire with 
electrometer at 1 J seeming little loss strong than the simple sh^ck with 
the same tiibe and the electrometer at If, but considerably stronger than 
with electrometer at 1-^. 

645] Tho above-mentioned wire compared with sat. sol. by sound. 

1*46. Seemed more brisk. The light of salt water white, the other 
very red, 

1*7 

35 D« El. = 51. 

5-5 D«j 

8*7 I believe nearly the same. 

8*3 seemed much weaker, El. 3. 

6 seemed rather gi'eater. 

7*5 doubtful. 

8*5 seemed rather weaker. 

6 seemed rather stronger. 

7*2 doubtful. El. = 3. 

8*5 seemed rather weaker. 

6 doubtful. 

5 D«. 

4 seemed stronger. 

8*5 seemed rather weaker. 

8*5 doubtful. 

9*5 I believe rather less, certainly a sharper sound, but I believe rather 
less loud. 

7 seemed greater. 
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1*65 

2 

2 

M 


= •82 
= ■9 
= •55 


2 


= •65 


1*6 

2 


= •8 


14*5 


= 7-25 


12*5 

2 


= 6-25 


1 |^ = 8.25 
2 



^•75 

3 


= 7-25 


646] *74 of sat. sol. in tubo 17 is equivalent to 29623 inches of 
copper wire, 9 •984 inches of which = 1 grain. 

7*25 of sat. sol, in do. = 62790 of copper wire, 10*93 of which = 1 
grain’* 


* [Lenrth of 
wire. 


llesistance of pure copper 
calculated from MattlncHMen 
annealed. hard drawn. 


Eesistance of Ratnratod 
solution in tube 17 
calculated from 
Kolilrausch. 


29623 

62790 


424 

984 


4.33 

1004 


413 

4046] 
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647] 1773, p. 92 [Ai*t. 557]. The connecting wire to tli© two 

plates of 9-3 inches contains 1*4 inc. el. The connecting wire to the 
rosin plates of p, 86 [Art. 554], should contain rather more in propor- 
tion to its length than this, id est, rather more than *28. 

By p. 93 [Art. 557], the 4 roain jdates seemed to contain about 
^ inc. el. less when placed close together than at dist. Let us therefore 
suppose that the chai'ge of 2 rosin plates placed close together with 
connecting wire between them exceeds twice the charge of 1 plate by 
*28 inc. el., and that the charge of 4 plates exceeds 4 times the charge 
of 1 by 2 J times that quantity, or *7 inc. el. Let us suppose, too, that 
the charge of the 2 double plates A B with connecting wire exceeds 
twice the charge of 1 by *28. 


648] 8 square inches of elect. = 9 circular inches. 


-fL- = 1.64 
circ. inc. el. 


circ. inc. cl. 
glob. inc. ei. 


•649 


L.* 

= *1880. 

Res. p. 5 [Art. 654]. 

= 9-8120. 


N.K By inc. el. is meant circular inches of electricity. 


649] Mar. 13. P. 85 [Art. 553]. 


[Side of square equivalent to trial 
plate when the balls separate 



negatively, 

positively.] 

Difference. 

Mean. 

Circle 18J 

17-66 

13-34 

4-32 

15-50 

Double B 

17-89 

13-34 

4*55 

16-61 

Double A 

17*89 

13-34 

4-55 

15-61 

Circle 36 

33*65 

26-56 

7-09 

30-10 

2 doub. 

31-38 

24*08 

7-30 

27-73 

D 

29*61 

22-53 

7-08 

26-07 


* [These logarithms are correct only to three places of decimals, they should be 
01875 and 9*8122. See Note 35.] 
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Mou. Mar. 15. P. 85. 


[Side of square equivalent to trial 
plate when the balls separate 



negatively, 

positively.] 

Difference. 

Mean. 

Circ. 36 

33*65 

27*18 

6*47 

30*41 

Circ. 30 1 

28*42 

28*10 


• 


Plate air 

30*87 

24*39 

6*48 

27*63 

2 doubv 

31*13 

24*39 

6*74 

27*76 

D 

29*86 

22*84 

7*02 

26*35 

Doub. B 

18*22 

13*82 

4*40 

16*02 

Doiib. A 

18*22 

13*82 

4*40 

16*02 

Circle 181 

18*11 

13*58 

4*53 

15*84 

Mar. 19. P. ^ 

Circle 9 

56. 

9*28 

6*48 

2*80 

7*88 

Rosin 1 

10*59 

7*13 

3*46 

8*86 

2 

10*17 

6*91 

3*56 

8*69 

3 

10*59 

7*24 

3*35 

8*91 

4 

10*35 

7*02 

3*33 

8*68 

1 + 2 Ropin 

18*56 

14*51 

4*05 . 

16*53 

3 + 4 

18*67 

14-02 

4*05 

16*64 

Circle 18 J 

18*00 

1.2 -82 

4*18 

15*91 

Circle 36 

33*90 

27-49 

6*51 

30*74 

4 rosin 

32*14 

25-94 

6*20 

29*04 

Mar. 23. P. { 

Circle 9*3 

)0 [Art. 554 ; 
9*28 I 

6-48 1 

2*80 

7*88 

Rosin 1 

10*22 

7-13 

3*09 

8*67 

2 

10*09 

7-02 

3*07 

8*55 

3 

10*22 

7-13 

3*09 

8*67 

4 

10*22 

7-13 

1 3*09 

8*67 

Rosin 1 + 2 

18*56 

14-06 

4*50 

16*31 

3 + 4 

18*56 

14-06 

4*50 

16*31 

Circle 18^ 

17*66 

13-34 

4*32 

15*50 

Circle 36 

34*40 

26-56 

7*84 1 

30*48 

4 rosin 

33*40 

26-25 

7*15 ' 

29*82 

Mar. 24. P. i 

Circle 36 

)1. 

33*65 1 

27-49 

6*16 

30*57 

Plate air 1 

30*75 

25-01 

5*74 

27*88 

4 rosin 

31*76 

25-32 

6*44 

28*54 

rosin 1+2 

18*34 

14-51 

3*83 

16*42 

3 + 4 

18*78 

14-51 

4*27 • 

16*64 

Circle 18 

18*11 

13-82 

4*29 

15*96 

Circle 9 ‘3 

9*56 

6-48 

3*08 

8*02 

Rosin 1 

10*83 

7.35 

3*48 

9*09 

2 

10*83 

7-46 

3*37 

9*14 

3 

10*83 

7-46 

3*37 1 

9*14 

4 

10*83 

7-46 ; 

3*37 1 

9*14 
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C50] [Results of Art. 649.] By Mar. 13. [Art. 553.] 

Double plate = circ. 18 J + *11 sq. inc., or *12 inc. cl. 

Circ. 36 = 2 doub. + 2*67 iuc. el. without allow'ance for com- 
municating wire, itc., or 2*95 with. 

D = 2 doub. - 1 *60 with allowance. 


Circ. 361 


18^x2 


+ 3*19 
-1*36* 


By Mar. 15 [Art. 553]. 

Doub. pi. = 181 + -20. 

D I (- *91 (-1*51 

pi. air > = circ. 18i x 2 •< + *53 = 2 doub. -< + ’13 with allowance 
circ. 3 g) ( + 3*66 (+3*26 


651] All the following are with allowance. 

Mar. 19 [Art. 554]. 1 ros. :=circ. 9*3 + 1*01. 

circ. 18 J - 2 ros. - -47 : - circ. 9-3 x 2 + 1 *55. 

circ. 36 -4: ros. + 2*61 - circ. 18 J x 2 + 3*55. 

Mar. 23 [Art. 554]. 1 ros. = circ. 9*3 + *85. 

circ. 18^-2 ros. - *63 = circ. 9*3 x 2 + 1 *07. 

circ. 36 - 4 ros. + 1*44 = circ. 18i x 2 + 2*76. 

1*32 

Mar. 24 [Art. 554]. 1 ros. =:circ. 9*3 + 1*25. 

circ. 18^-2 ros. - *36 - circ. 9*3 x 2 + 2*14. 

circ. 36 - 4 ros. 4 2*98 = circ. 181 x 2 4* 3*70. 

Plate air 1 = circ. 36 — 3*03 circ. 18| x 2 + *67. 

By mean of all 

circ. 36 -circ. 18 J x 2 4- 3*37. 
circ. 181 = circ. 9*3 x 2 + 1*59. 

Therefore charge of circle of 

37 inc. 1 oco 1 i» • « 18.1 by 4*47 

181 inc. ^ of 9j by 1-69 ’ 

37 inc. exceeds 4 times charge of 9^ by 7*85. 

652] *If charge circle is greater than it would be if placed at a 
great distance from any other body in ratio of a : a — 36, 

charge circ. of 18|^ should exceed in ratio of a : a - 18| and so on. 

Therefore, if we suppose a = 167, 

(36 |9*89 

charge circ. <18^ should exceed its true charge by <2*31 , 

(9*3 ( -55 


[See Art. 338, and Note 24.] 
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665] COMPARISON OF CHARGES. 


and charge circ. 36 should exceed 

2“ charge of 18 J by 4*27 
4 times charge of 9*3 by 6*49 


which is f 
wmcn IS 


than by experiment, aiid charge circ. 18J should exceed 2“ charge of 
9*3 by 1*11, wliich is *58 less than by experiment. 


We will therefore suppose that the charge of circ. 18^^ or of globe 
12*1, as found by experiment, exceeds the true charge in the ratio of 
9 to 8, as it should do if a = 167. 


(•21 

circ. inc. less than circ. 18J. 


653] 1771. P. 15 [Art. 456]. 

doub. B contains A 
1 r A . • Y sq. me. or 
doub. A contains i ^ 

1772. P. 12 [Art. 478]. 

doub. B . . *11 . *12 . . • 101 

doub A *23 '‘^^* *‘^6 more than circ. 18 J. 


1773. P. 85 [Arts. 553 <fe 650]. Each doub. plate contains *16 circ, 
inc. more than circ. 18^. 

654] P. 15. 1771 [Art. 456]. Globe cont. ? inc. or *35 circ. 
inc. more than circ, 18*5. 

P. 12, 1772 [Art 478]. Globe contains same as circ. 

By mean, globe of 12*1 ” circ. of 18*67, or 

globe of 12 inc. = circ. of 18*5. 

Therefore 1 circ. inc. = *65 glob. inc. 

or 1 sq. inc. = *73 glob. inc. 

Def. The charge of globe 1 inc. diam. placed at great diet, from any 
other body is called 1 glob. inc. 

The circ. 18*5 = 13*5 glob, inc.* 

The doub. plate A or B is supp. - 13*6 glob. inc. 

655] P. 18, 1772 [Ai-t. 483], 

D, E, F & G cont. *68 inc, el. less than 2 doub. 

P. 19, 1773 [Ai't. 509], 

D & F cont, 1 inc. less than do. 

P. 59, 1773 [Art, 533], 

D, E & F cont. 1 J inc. less than do. 


[See Note 35.] 
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[656 


P. 85, 1773 [Art. 553], 

D cont. 1 *6 less than 2 doub. 

D cont. 1*31 less than do. 

D cont. 1*36 less than 2®® circ. 18 J. . 

D cont. *91 less than do. 

D is supposed to cont. 1*3 circ. inc. or *85 glob. inc. less than 2 doub., 
id estj 26*3 glob. inc. 

656] 1773, P. 28 [Art. 515], 

M cont. 1 inc. el. more than D -f E F. 

same as 

more than D + E + F. N. 16|. 

more than D + E + F. N. 14J. 

more than D + E -t- F. N. 16. 

It is supp. that 2 J more than D + E + F, id est, 

glob inc. el. 


P. 29 [Art. 515], 

M cont. 

P. 54 [Art 528], 

-M cont. 2J) 
KifeL Ij 

1773, P. 57 [Art 530], 

M cont 2 
K&L 1 

P. 57 [Art 530], 

M cont 3i 
K&L 2| 


657] 1773, P. 55 [Art 529], 

A 30*3 . 

B or C *32 K + L + M. N. 15. 

P. 57 [Art. 530], 

each cont 33*7 less than do. N. 14J. 

P. 58 [Art 531], 

each cont 38*6 less. N. 16. 

It is supp. that A, B, and C each cont. 34*8 inc. less than K + L + M, 
id est, 29*1 less than 9D, id est, 217*8 glob. inc. 
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658] By exper. of 1772, 

F or G cont. 2 inc. more than D. 

E _ 1‘6 — 

M cont. 3 ‘86 less than E + F -f G. 

K & L 12 02 less. 

F 10-72 less. 

Therefore E + F + G cont. 5*6 more than 3D. 

M 1-7 more. 

K or L 6*4 less. 

F 5-1 less. 

A, B & C each contain 15*2 less than F + K 4- L. 

or 33*1 less than 9D. 

1773, P. 56 [Art. 530], 

H cont. 10* inc. more than A + B + C. 

1772, P. 29 [Art. 493], 

H cont. the same as A + B + C. 

H is supposed to contain G54 glob, inc.* 


659] Instantaneous spreading of eL\ Measures P. 19 [Art, 593]. 



A 

=::33*9 

20-6 

The area of the old coatings of 

C 

n 33*2 and circumf. - 

204 

H 

= 36*3 

214 


A 

=r3]‘8 

(73-5 

Area of slit coatings of 

G 

H 

and circumf. 

J7G'5 

|80-l 


crown 

24*7 

169-6 


A 

= 34*1 

234 

Area of oblong coatings of 

C 

H 

— 33*3 

_ & circumf 

23- 2 

24- 1 


crown 

29*0 

21-6 


660] P. 15, 1773, 504, 

White Oyl. cont. 7 inc. el. less than IT. 

P. 13. 502, 5 

By mean it cont. 6 less than H, 

P. 62 [Art. 536], 

H with slit coat. cont. 77*5 more than white cyl. 


crown with oblong coat. 33*7 Nr 12. 

P. 63 [Art. 536], 

H with D° cont. 99*1 more than wh. cyl. N. 11. 

crown 43*8 


[See Art. 318.] 


t [See Art. 319.] 
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P. 65 [Art. 537], 

H with D® 
crown with slits 

70*8 more than wh. cyl. 

34 


N. 14. 

P. 66 [Art. 537], 
crown D" cont. 

20 more than wh. cyl. 


N. 12^. 

P. 71 [Art. 541], 

H D” cont. 
crown 

74*1 more than wh. cyl. 

67*3 


N. 21. 

P. 81 [Art. 550], 

H with obi. cont. 

II 

crown 

H 

crown 

20*2 more than wh. cyl.,st. cl.*at 2 + 3 " 
34 3 + 1 

57*3 

9 less than wh. cyl. 1 + 3 

14*6 more than 

• N. 15. 

P. 82 [Art. 550], 
H 

18*5 more than wh. cyl. 


N. 14.^. 


A and C with circ. coatings are supposed to contain same as B. 


P. G2 [Art. 536], 

1 3 *5 

witli slit, coat. cont. more than B 

15*2 
11*8 
33-7 
33-7 


us. el.t 
1 + 3 
3 + 1 .^"^^ 


N. 121. 


P. 63 [Art. 536], 

A 

C 

A 

C 

A 

C 

P. 65 [Art. 537], 

^ with obi. 

A 

C 

A 

C 


18-51 

15-2/ 

13-51 

10-1/ 

18-51 

18-5/ 


3-4) 

> more than B 
5-1 

1-7 

0 

1 7 less than B 


us. el. 

1 + 3 

3+1 very irreg. 


N. 11. 


us. el. 

1 + 3 !■ N. 14. 

3 + 1 


• [Straw electrometer. See Art. 660, note.] 

+ [Usual degree of electrification. See Art. 329 and note 10.] 
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P. 66 [Art. 537], 

A 

C 


j more than B us. el. 


N. 12J. 


661] By mean H with slits cont. 

with oblong 


78 inc. el.) , 

> more than wh. cyl. 


Crown with slits contains 27 inc. el. more than wh. cyl. 
oblong 39 


N.B. This is meant in dry weather it with usual dog. cl. 

The crown with slits exceeded wh. cyl. by 42*7 more with clectrom. 
at 3 -1-1 than at 1 -f 3, and H with oblong exceeded wh. (;yl. by 43 mote 
with clectrom. at 3 + 1 than at 1 + 3, but it must be observed that this 
was only one day’s observ. 


A 16 

With usual deg. el. ^ exceeded B by 


with electron!, at 1 + 3 by 


14-3 

11 


^ at 


3 + 1 by 


26*1 

26-1 


A , 


Q with oblong exceeded B with us. el. by 


3-4 

5-1 


5*1 

with electron!, at 1 3 by ^ 

and at 3 + 1 by 


662] Hence we have the following results ; — 


L. inc. el. in 
each h'q. inc. 
circ.orobl.coa. 

Inc. el. in 
slit coat 
more than 
in oblong. 

Sq. inc. 
coating 
answering 
to Do. 

Sq. inc. 

cquiv. 
to obi. 

Difl’. 

Excess 
circura. 
slit coat, 
above 
oblong. 

Spreading 
of elect. 

• 

1 us. el. 9-959 

12*6 

1-27 

30-53 34-1 

3-57 

60-1 

•072 

at 1 + 3 

9-2 

•93 

30-87 

3-23 


-065 

at 3 + 1 

26-1 

2-63 

29-17 

4-93 


-098 

1 us. el. 0-050 

9-2 

•91 

29-49 33-3 

3-81 

63-3 

•071 

at 1 + 3 

9-3 

•92 

29 48 

3*82 


•072 

8 + 1 

27-8 

2-76 

27-85 

5-65 


•lOG 

b us. el. 4*437 

59 

2-12 

31-18 36-4 

6-22 

660 

•094 

1 do. 5-562 

-12 

-•33 

25-03 29-0 

3-97 

48-0 

•083 
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RESULT OF EXPERIMENTS. 


[C63 


663] 



Inc. el. 
in oblong 
coating 
-D«m 
circular. 

Sq. inc. of 
coating 
equiv. 
tol>». 

Sq. inc. of 
circular 
coating 
equiv. to 
oblong. 

1 

Sq. inc. 
in oblong. 

Diff. 

! 

Excess 

circuinf. 

oblong 

above 

circular. 

Sq. inc. equiv. to 
ex(M ss of spreading 
of elect, in oblong 
above that in circular. 

A 

3*4 

•U 

34*24 

34*1 

•14 

2*8 

•20 

C 

5 1 

•51 

33*71 

33*3 

•41 

2-8 

•20 

H 

1*3 

•46 

36 76 

36*4 

•36 

2*7 

*25 


It is plain that the nunibei*s in the 8^** or last col. ought to be equal 
to those in the 6“*, as is nearly the case. 


66 4] Whether charge of coated glass hears the same proportion to 
that of another body whether el. is strong or weak *. 

P. 61 [Art. 535], E on neg. side tried against sliding tin plates on 

pos. 

Charge of E was part loss with straw el. at 3 + 1 than at 1 + 3, 
the (liff. between neg. and pos. el. was much too small to be certain of. 

P. 66 [Art. 538], a ball blown at end of therm, tube tried in same 
manner. Charge just the same whether electron!, at 1 + 3 or 3 + 1. 

P. 68 [Art. 538], charge D® less with el. at 3 + 1 than at 1 + 3. 


P. 82 & 84 [Arts. 551 A; 55], tried with machine for finding quant, 
el. in common plates. No perceptible difi*. between charge of E whether 
tried with el. at 1 + 3 or 3 + 1. 

665] By P. 9 [Art. 661], it should seem that ol. spread. *034 inc. 
more on surface with greater degree of cl. than with smaller, and there- 
fore as the diam. coating of E or D is 2-16. 

So that it should seem as if the charge of a coated plate in which 
the spreading of the el. was prevented would be at least less with 
the stronger degree el. than with the weaker. 

666] By exper. of P. 69 [Art. 539], it appeared that the charge of 
tin cyl. was to that of D -f E when electrified very weakly as 1*28 to 1, 
and by P. 70 [Art. 539] as 1*24 to 1. By mean as 1’26 to If. 

By mean of P. 76 [Art. 545], the charge of the same cyl. was to that 
of D + E when electrified in the usual degree as 1-33 to 1. 

By mean of P. 77 [Art. 546], it came out as 1*37 to 1, but this last 
can not be depended on, as wire for making communication with ground 
was forgot to be fixed {. 

* [Arts. 356, 461, 463, 635, 639, 551.] + [See Arts. 368, 639, 645.] 

The comp, charge of the cyl. is 48*4 glob. inc. The real charge, supposing 
that tJie wire contains 3*6 glob. inc. less when joined to cyl. than to 1) + E = 73*6, 
and therefore its real charge exceeds the computed in the ratio of 1 *62 to 1. [See 
Note 25.] 
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667] It should seem that the charge of D and E is increased by 
spreading of el. when elect, in usual degree, therefore if we suppose 
that the spreading is insensible when electrified in very small degree, 
the charge of a glass plate is less in proportion to that of another 
body when electrified with usual degree el. than w’hen elect, with a 
very small one in ratio of 1*26 to 1*51, or of 5 to 6. 

668] On plate air^. 

[By Art. 517], 

P. 32 pi. air 1 cont. 1 inc. el. more than B) , 7 

^ 3 j- by mean ^ more than D. 

The same plate air contained 2 inc. el. less when resting intirely on 
machine than when resting by 1 corner. 

[By Art. 517], PI. air 2 cont. 1 inc. el. less than D + E. 

P. 32, pi. air 3 10*5 inc. el. less than D E + F. 

P. 33, pi. air 4 1 inc. el. less than D + E + F. 

P. 36, pi. air 5 4 more than D. 

P. 37, Do. 

By res. P. 5 [Art. 653], D, E, and F cont. 26*3 glob. inc. 

Therefore pi. air 1 contains 27 glob. inc. 

2 52 

3 72*1 

' 4 78*3 

5 26*5 


669] [Table of plates of air given in Art. 343.] 


670] 


Plate air. 

Log. diam. 
by thickness. 

! 

1 

1-1017 

•7919 

7452 

6928 

6332 

2 

1-4375 

*9426 

8689 

7799 

6679 

3 

1-6013 

1*0163 

9235 

8054 

6427 

4 

1-6525 

*9747 

8566 

6939 

4307 

5 

1-3895 

•9458 

8809 

8040 

7117 


mi ^ . 1 . T XI 1 i. niam. rum uiiarj^o 

ino 4: last columns are the log. of -- -- — x excess — = — 

° thickness computed charge 

above N, the value of N in 3”* col. being 1, in 2"** 1*05, in 3''‘* 1*1, and 
in4“‘M5. 


The numbers in the 3"* column seem most unifonn, and therefore it 

seems likely that [if] the was very great, — — would 

^ thickness •' ° comp, charge 

equal Mf. 


* [See Art. 310.] 


t [8eo Art. 347.] 


M. 


23 
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RESULT or EXPERIMENTS. 
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671] If we suppose the el. to spread *07 iiic. on surf, thick plates 
and ‘09 on surf, thin ones, the result of Nairne’s plates is as follows*. 



Diam. 

1 

corrected. 

Thick- 

ness. 

Computed 

charge. 

1 

Real 

charge. 

Real 
charge 
by com- 
puted. 

Real 

charge 

D 

2-155 

2*295 

•2057 

3-20 

26-3 

8-22 


E 

2-16 

2*3 

•2065 

3 20 

26-3 

8-22 

^ 11*4 

F 

2-175 

2*315 

•2115 

3-17 

26-3 

8-30 


K 

2-205 

2*445 

•07712 

9-69 

79-9 

8-29 


L 

2-335 

2*515 

•08205 

9-63 

79-9 

8-29 


IM 

2-195 

2*375 

•07187 

9-81 

80-7 

8-23 


A 

6-57 

6*71 

•2112 

26-6 

217-8 

8-18 

► oJ D 

r> 1 

6-6 

6*74 

•2132 

26-6 

217-8 

8-18 


c 

6-5 

6*64 

•2065 

26-7 

217-8 

8-16 


II 

6-8 

6*98 

•07550 

80-6 

654 

8-11 

93*7 


672] Computations of other flat plates of glass, 


507] P. 

508] P. 

P. 

P. 

509] P. 
51 5‘ P. 
509' P. 
515' P. 
509' P. 
515' P. 
509‘ P. 
515 P. 
509' P. 
515' P. 
510' P. 
533' P. 
510 P. 
53.3' P. i 

527 P. 
528] P. 
531] P. , 
527' P. 

528 P. 
531' P. . 
5331 P. 


thick white = D 

D® 

thin white = D + E — *5 

N -D + E-1-8 

P =M~15 

-D+E+F-J 
Q -M-9 

D + E + F - ] 
O -M-9 

-D+ M + F-f 
white plate — M — 7 ’7 

-D + E + F-'l 
oldG -M-.7*3 

-D+E+F-( 
crown A =A— 13 

-6-7 

crown C ^A~13 

-15 

small ground crown = D + E + F - - 


large ground crown — C - 1 3 
- 2 
0 

-1*7. 


It 

2-4 76*5 


2-7 215*1 


* [In Art. 324 the “ Ileal charges” of this table are multiplied by *122 for easy 
comparison with the computed charges.] 
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Mean 

charge. 


[Art. 507] P. 18 

exper. rosin 1 

= doub. B - 1 

•06 

13-5 




rosin 2 

E -2 




Art. 519 

P. 36 


-1*7 

M 

25-2 


'Art. 509 

P. 20 

rosin 3 

-M-17 

11*1 

1 69 


‘Art. 515‘ 

P. 28 


= 1) + E + F-16 

10*4 


'Art. 518' 

P. 35 

rosin 4 

-D+E+F 


1 78-9 


‘Art. 519' 

P. 36 





Art. 527' 

P. 53 

rosin 5 

- doub. B — 1 


13 


‘Art. 528‘ 

P. 54 


-1 



‘Art. 518' 

P. 35 

1** made ros. 

-D + 21 


*6 

26*9 

Art. 519 

P. 36 


4 



‘Art. 518 

P. 35 

deph. bees wax 1 



1*8 

24*5 

Art. 519 

P. 36 


-3 


Art. 518 

P. 35 

deph. bees wax 2 

=E+F-4 \ 

- 2*5J 


2*1 

50*5 

Art. 527 

P. 53 

deph. bees wax 3 

= E + F-7*5) 




Art. 528 

P. 54 

-111 

30 

3 

6-5 

46*1 

Art 533 

P. 59 


-11) 



Art 527 

P. 53 

plain bees wax 

-E + F-3-5) 




Art 528 

P. 54 

0 1 

rt 

s 

1*3 

51*3 

Art 533 

P. 59 


-2*5) 




Art 518 

P. 35 

lac 

-D + E + F+ir) 

3*7 

1*1 

80 

Art 519 

P. 36 


+ 2-2 

"2 


673] [Table given in Art. 370.] 

The diam. was corrected on supposition that elect, spreads *07 if the 
thickness of glass - *21, and *09 if thickness = *08, and so in proportion 
in other thicknesses. 

674] [Table given in Art, 371.] 

The correction of the diameter is the same as would be used according 
to tlie preceding rule to a glass plate of 2®® the thickness, only the cor- 
rection used is never less than inch. 


675] On the glass cylinders. 


503, P. 14, 

504, P. 15, 

503, P. 14, 

504, 15, 
504, P. 15, 
502, P. 13, 


gr. cyl. 2. 
white jar 


gr. cyl. 
gr. cyl. 


= II + 45 inc. el. 

H + 55-6 

= H-h74=H+M- 
H+M 

-H+M+30 

C+K+Jx 


inc, cl. 

H + D + 14-3 


34| 

20 / 


H-hM-27 


545, P. 75, therm, tube l=D + E + F+ 2 inc. el. 

546, P. 77, therm, tube 2==^D + E-f-P + 2*8 


:-= 690 glob. inc. 


-717 

-754 

-353 

-80*2 

-80*7 


23-2 
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676] [Table glVen in Art. 383.] 

The white jar and cyl. and the 3 green cyl. are corrected for tho 
spreading of the electricity in the same manner as the flat plates, but 
the 2 therm, tubes are not. 

677] On the compound plules'*'. 

P. 60, Alt. 534. 

The 3 plates A, B and C placed over each otlier witli bits of lead 
between contained 8*9 inc. el. loss than K or L, therefore its charge 
= 74 inc. The 3*^ part of the charge of A, B, or C is 72*6 inc. 

The coatings taken from tho 3 plates A, B, & C, the plates placed 
close together and the outside surfaces coated with circles 6*6 in diam. 

544, P. 75, it contained 7*5 inc. less than D + E + F. 

546, P. 77, 6 less. 

By mean it contains 6*7 less, therefore charge = 74*5. 

The thickness of the 3 plates together is *6309. The computed 
charge of a plate of tliat thickness with a coating 6*6 in diam. supposing 
the el. to spread *07 inc. is 9*00, and tho real charge of such a plate 
according to the mean ratio of the real and computed charges of D, E, 
and F is 74*2. 

678] A plate of exper. rosin about 8 inc. S(iu:ire was pressed out, 
thickness irregular, but at a medium about *122. It was coated with 
circles 6*61 in diam.+ 

Art. 548, P. 79, its charge = K + D + Ex 1 + 

in afternoon x 1 + .j^\. 

By mean it = KfD + Exl + = 135. 

The real charge of this plate is to its computed, sup^iosing the el. 
to spread *07 inc., as 2*89 to 1. 

The charge of this plate is the same as that of a glass one *345 thick, 
su]>posing ratio of real and computed charge the same as in A or B. 

679] The coatings being taken fj*om this plate it wna included 
between the plates B and H, and the outside surfaces coated with circles 
of 6*6 in diam. 

552, P. 83, it cont. 6*9 inc. el. less than K, 

6*5 

5*2 less than D + E + F, 

by mean it contains 75*5 glob. inc. 

Tho charge of plate glass of the same sort as Nairne’s *634 thick 
{id est^ equal to the sum of the thickni'sses of the two glass plates and 
a glass plate equiv. to the rosin) = 73*3, supposing the el. to spread the 
same on this plate as pn the rosin. 

* [Arts. 379, 634.] 


+ [Arts. 381, 662.] 
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680] [Same as Art, 368.] 

681] By res. P. 5 [Art. 654] a globe of 12 inc. contains as much 
el. as a circle of 18*5*, therefore by Prop. xxix. p = therefore 


Charpre of both plates 
when distant 

18 26 36 .Sing. pi. 



1 

1*046 

1*078 

1*172 

0 

1 

1*062 

M08 

1-249 

infpnifce] 

1 

1035 

1*059 

1-126 

or if 1 

•853 

•892 

•920 

1 

6 

•801 

*851 

*887 

1 

inf. 

*888 

*919 

*940 

1 


By 1®‘ exp. 1772 [Art. 473] the proportions were 

thus *811 *859 *899 1+ 

By 2"‘* exp. [Art. 475] *798 *840 *894 1 


682] The charges of the following bodies are supposed to bear the 
following proportions to each otherj. 

globe 12*1 diam. == 1 


Charge 


circle 18*5 diara 

L. = *992 

square of 15*5 

*958 

oblong 17*9 X 

13-4 

•964 

cyl. 35*9 by 

2-53 

1*028 

54-2 

-73 

•978 

72 

-185 

*966 

[shfort] cyl. 

i-m 

1*469 

long cyl. is between <*896 & 

1 *57 3 that of globe being one, 

[wire 

(*894 

1*619 


998 


= length cyl. : : : N. L. — , their charge = 1 *008 

cliam. 2 .QQg 


This ratio approaches about 5 times nearer to the first proportion 
than the 2“‘*§. 

The area of the oblong is the same as that of the square, and their 
charges are very nearly the same. « 

The charge of a square is to that of a circle whose, diam. = side square 
as 1*153 to 1 1|. 


* [Note 35.] 
t [Exp. VII., Art. 281. 
§ [Note 12.] 

11 [This ratio is given 
see Note 22.] 


t [Note 21.] 

The numbers hero arc different. See Art. 478.] 
in Art. 283 as 1*53 by a mistake of the Editor in copying, 
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RESULT OF EXPERIMENTS. 


[683 


683] In exper. P. 11, 1772 [Art. 477], the large wire should con- 
tain about less cl. than if its diain. was double the small ones. 
Allowing for this, the charges of the large wire at 36, 24 & 18 inc. dist, 
should bo between the two following proportions : 

1 *942 -915 -891, 

1 -901 -868 -844, 

but I believe ought to approach about 5 times nearer to the former. 
The observed proportions are* 

1 -903 -860 -850. 

* [Note 13.] 



RESULTS 

[OF EXPERIMENTS ON RESISTANCE OF 
SOLUTIONS]. 


G84] Resistance of Pump- water is 

Salt ill 1000 of rain water 9 times less than 
Sea water 100 

that of rain water*. 


685] A shock is diminished very nearly the same, but if anything 
rather more, by passing through 9 tubes, 37 inches of which hold 3373 
grains of $ > than through one tube, 37 inches of which hold 3480 grains 
of 5 t. 


686] A shock is as much diminished in passing through 6*8 inches 
of a tube, 37 inches of which hold 567 grains, as tlirough 44J of one 
37 inches of which hold 3480. So that resistance should seem as 1*03 
power of velocity J. 


687] 

iron wire 
sea salt 1 1. 


If resistance is as 
(437000 


(1*03 

tl*08 


IS 


1607000 


08 velocity, the resistance of 

times less than that of saturated solution of 


688] Resistance of sat. sol. S. S in 99 of distilled water is 39 times 
greater than that of tlic sat. sol. 

Resistance of distilled water is 18 times greater than that of sat. sol. 
in 99 of distilled water §. 


68911] Experiments in 1776 and 1777. 


No. of 

Conducts times 

Tubes. 

Electro^ 

Exp. 

better than 

meter. 

1 Sat. 

sol. 8*6 salt in 69 

14 & 15 

4 


2 

8-94 

22 & 23 

n 


3 

9*61 

14 ik 15 

3 

New solutions. 


10*05 

5 & 17 

1 

TP jars 1 & 2, 
new sol. battery. 

7 

10*31 

0 17 



10 

9*02 

22 23 



9 

7*79 salt in 29 diluted 

22 & 23 




with 1 J of water 
supp. 2J. 


* [Arts. 398, 624.] + [Arts. 574, 575, &c.] t [Arts. 575, 629.] 

II [Arts. 398, 576, and note 32.] § [Art. 577.] 

M [Arts. 617—623.] 
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[690 


No.ol 

Conducts times 


Electro- 

Exp. 


better than 


X UU(7D« 

meter. 

8 

sat. 

sol. 

3-51 

salt in 29 

22 

& 

23 

1 

15 

— 

— 

4-38 


22 

& 

23 

H 

11 

sat. 

sol. 

20-5 

salt in 149 

14 

& 

15 

H 

12 

— 

— 

19-6 


22 

&; 

23 

ij 

.4 

salt 

in 69 

9-57 

salt in 999 

22 

& 

23 


5 

salt 

in 999 

9-92 

salt in 20,000 

12 

& 

20 


13 

salt 

in 149 

17-3 

salt in 2999 

5 

& 

17 

3 

14 

- 

— 

16-7 


18 

& 

19 

If 


N. B. It is not said wliat water tjie solutions were made with. By 
the compaiison of salt in 999 with salt in 20,000, it should seem either 
that they were not made with distilled water, or that some mistake was 
made in the experiment. 

690] In Jan. 1777, salt in 2999 conducted about 70 or 90 times 
better than some water distilled in the preceding summer, or about 25 
or 50 times better than the distilled water used in the year 1776 *. 

Salt in 2999 conducted about 25 times better than salt in 150,000. 


691] Salt in 69 conducts 1*97 times better in heat of 105® than in 
that of 58®it. 


The proportion of the resistance of sat. sol. and salt in 999 to ea^Ii' 
other seems not much altered by varying heat from 50® to 95® 

692] Salt in 150,000 seemed to conduct rathep/ better than the 
same water deprived of air by boiling in the same ^ lal in which it was 
kept, and cooled quick in water to prevent i^»4bsorbing much air. 


But the difference was 
experiment §. 


not more than nugSS arise from error of 


693] Distilled water impregnated withy^^xed air from oil of vitriol 

and marble conducted 2^ times better tha^^the same water deprived of 
its air by boiling ||. .if 

694] Conducting power of other sailne solutions compared with 
that of salt in 29 of water IT. 


Sal. Sylvii 

1-08 

Sal. amm. 

M3 

Calc. S. S. 

•852 

Glaub. salt 

•696 

Quadran. Nitre 

•887 

F. alk. 

•819 

Spt. salt 

1*72 

Oil vitr. 

•783 

D® another jmreel 

M2 


+ [Art. 620.] 

If [Art. 626 and Note 34.] 


* [\xt. 621.] 

§ [See Art. 621.] 


t [Art. 619.] 
If [Art. 625.] 
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RESISTANCE OF SOLUTIONS, 


861 


N. B. The solutions of the neutral salts were all of such strength 
that the acid in them was equiv. to that in salt in 29. 

The f. alk. also was equiv. to that in salt in 29, but the acids were 
equiv. to that in salt in 69. 

695] Experiments in Jan,^ 1781*. 


8 8*63 

1 9-03 

g 41 
« 3-85 

3*95 
1-92 
1-88 
1-92 
1*74 
1*84 
9-91 

10- 3 

11- 31 
10-75 
20 
19-5 
19 
19-8 

Salt in 20,000 conducts about 7 times better than distilled water. 

696] Therefore the resistance of water with dilferent quantities of 
salt in [it] are as follows t : 

1 Log. a,. I«g.d,. 

1 by 3-78 1 

12 1-91 -2810 -602 9-7793 

30 3-97 -5988 -500 9-6992 

70 8-8 ‘ -9445 -475 9-6769 

143 15-75 . 1-1973 '416 9-6195 

1000 93-02 1-9686 '352 9-5461 

20000 1823 3-2608 '345 9-5373 


Sat. Sol. 
Sat. Sol. 

Sat. Sol. 

Salt ill 69 
Salt in 69 

Salt in 999 


Electro- 

meter. 


salt in 69 14 3J ,j 

salt in 29 — |) 

— 3-97 

- — — 1# I) 


salt in 11 


salt ill 142 22 ik 23 2 


salt in 999 


5 & 17 li 


salt in 20,000 12 & 20 2i ^ 

E f I 


[Art. 628.] 


t [See liToto 33.] 



NOTES 


BY THE EDITOR. 


Note 1, Arts. 5 and 67. 

On the theory of the Electi'ic Fhtid. 

The theory of One Electric Fluid is hero stated very completely by 
Cavendish*. The fluid, as imagined by him, is not a purely hypothetical 
substance, which has no properties except those wliich are attributed to 
it for the purpose of explaining phenomena. He calls it an clastic 
fluid, and supposes that its particles and those of other matter have 
certain properties of mutual repulsion or of attraction, just as he sup- 
poses that the particles of air arc indued with a property of mutual 
repulsion, but according to a different law. See Art. 07 and Note 6. 
But in addition to these properties, which are all that are necessary 
for the theory, ho sup[)Oscs that the electric fluid possesses the general 
properties of other kinds of matter. In Art, 5 he speaks of the weight 
of the electric fluid, and of one grain of electric fluid, which implies 
that a certain (piantity of the electric fluid would be dynamically equiva- 
lent to one grain, that is to say, in the language of Boscovich and modern 
writers, it would be equal in mass to one grain. 

We must not suppose that the word weight is here used in the modern 
sense of the force with which a body is attractcjd by the earth, for in the 
case of the electric fluid this force depends entirely on the electrical con- 
dition of the earth, and would act upward if the earth were overcharged 
and downward if the earth were undercharged. 

Cavendish also supposes that there is a limit to the quantity of the 
electric fluid which can be collected in a given space. He sj)eaks (Art. 
20) of the electric fluid being pressed close together so that its particles 
shall touch each otlier. This implies that when the centres of the 
particles approach to within a ceidjain distance, the repulsion, which up 
to that point varied as the power of the distance, now varies much 
more rapidly, so that for an exceedingly small diminution of distance 
the mutual repulsion increases to such a degree that no force which we 
can bring to bear on the particles is able to overcome it. 

We may consider this departure from the simplicity of the law of 

* For an earlier form of Cavendish’s theory of electricity, see “ Thoughts con- 
cerning electricity ” (Arts. 195 — 216), and Note Is. 
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force as introduced in order to extend the property of “impenetrability” 
to the particles of the electric fluid. It leads to the conclusion that 
there is a certain maximum density beyond which the fluid cannot be 
accumulated, and that therefore the stratum of the electric fluid collected 
at the surface of electrified bodies has a finite thickness. 

No experimental evidence, liowever, has as yet been obtained of any 
limit to the quantity of electricity which can be collected within a given 
volume, or any measure of tlie thickness of the electric stratum on the 
surface of conductors, so that if wo wish to maintain the doctrine of a 
maximum density, wo must Kupj)osc this density to bei^xceedingly grq^t 
compared w’itli the density of the electric fluid in saturated bodies. 

A difficulty of far greater magnitude arises in the case of under- 
charged bodies. It is a consequence of the theory that there is a stratum 
near the surface of an undercharged body which is entirely deprived of 
electricity, the rest of the body being saturated. Hence the electnc 
j)henomena of an undercharged body depend ontii*ely ujwn the matter 
forming this stratum. Now, though on account of our ignorance of the 
electric fluid we are at liberty to suppose a very largo quantity of it to 
be collected within a small space, wo cannot niako any such supposition 
with respect to ordinary matter, the density of wJiich is known. 

In the first place, it is manifestly impossil)Ie to deprive any body of 
a greater quantity of tlie electric fluid than it contains. It is found, 
indeed, that there is a limit to the negative chai*go which can be giv(in 
to a body, but this limit depends not on the quantity of matter in the 
body but on the area of its surface, and on the dielectric medium which 
surrounds it. Tlius it appears from the experiments of Sir W. Thomson 
and those of Mr Macfarlanc, that in air at the ordinary pressure and 
temperature a charge of more than 5 units of electricity, cither positive 
or negative, can exist on the surface of an electrified body witliout pro- 
ducing a discharge. In other media the maximum charge is different. 
In j)araffin oil, and in turj)ontine, for instance, it is much greater than 
in air*. In air of a few millimetres pressure it is much less, but in the 
most perfect vacuum hitherto made, the charge which may be accumu- 
lated before discharge occurs is probably very great indcjcd. 

Now this charge, or undercharge, whatever be its magnitude, can bo 
accumulated on the surface of the thinnest gold leaf ^s well as on the 
most massive conductors. Suppose that tliere is a deficiency of five 
units of electricity for each square centimetre of tlie surface on both 
sides of a sheet of gold leaf whose thickness is the hundred thousandth 
part of a centimetre. We have no reason to believe the gold leaf to be 
entirely deprived of electricity, but even if it were, we must admit that 
every cubic centimetre of gold requires more than a million units of 
electricity to saturate it, 

• By Messrs Macfarlane and Playfair’s experiments the maximum electromotive 
intensity is 364 for paraffin oil and 338 for turpentine. For air it is 73, between 
disks one centimetre apart. {Tram. R. S, Ed. 1878.) They have since found that 
the electric strength of the vapour of a certain liquid paraffin at 60 mm. pressure is 
1*7 times that of air at the same pressure, and that the electric strength of a solid 
paraffin which melts at 22^ 7 C. is 2*5 when liquid and 5 when solid, that of air 
being 1. 
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But we have by no means I’eached the limit of our experimental evi- 
dence. For Cavendish shows in Art. 49 tliat if in any portion of a bent 
canal the repulsion of overcharged bodies is so great as to drive all tho 
fluid out of that portion, then the canal will no longer allow the fluid to 
run freely from one end to the other, any more than a siphon will 
equalize the pressure of water in two vessels, when the water does not 
rise to the bend of the siphon. 

Hence if we could make the canal narrow enough, and the electric 
repulsion of bodies near the bend of the canal strong enough, we might 
have two conductoi’s connected by a conducting canal but not reduced 
to the s&,me potential, and this might be tested by afterwards connecting 
them by means of a conductor which does not pass close to any over- 
charged body, for this conductor will immediately reduce the two bodies 
to the same potential. 

Such an experiment, if successful, would determine at once which 
kind of electi-icity ought to be reckoned positive, for, as Cavendish 
remarks in Art. 50, the presence of an undercharged body near the 
bend of the canal would not prevent the flow of electricity. 

But even if the electric fluid were not all driven out of the canal, 
but only out of a stratum near the surfice, the effective conducting 
channel would thereby be naiTowed, and the resistance of tho canal to 
an electric current increased. 

Now we may construct the canal of a strip of the thinnest gold leaf, 
and we may measure its electric resistance to within one part in ten 
thousand, so that if the presence of an overcharged body near the gold 
leaf were to drive the electric fluid out of a stratum of it amounting to 
the ten thousandth part of its thickness, the alteration might be de- 
tected. Hence we must admit either that the one-fluid theory is wrong, 
or that every cubic centimetre of gold contains more than ten thousand 
million units of electricity. 

The statement which Cavendish gives of the action between portions 
of the electric fluid and between the electric fluid and ordinary matter is 
nearly, but not quite, as general as it can be made. 

Since the mode in which the force varies with the distance is the 
same in all cases, we may suppose the distance unity. Two equal por- 
tions of the electric fluid which at this distance repel each other with a 
force unity are defined to be each one unit of electricity. 

Let the attraction between a unit of the electric fluid and a gramme 
of matter be a. Since we may suppose this force different for different 
kinds of matter, wo shall distinguish the attraction duo to different 
kinds of matter by different suffixes, as and Let the repulsion 
between two grammes of matter entirely deprived of electricity be 
these two portions of matter being of the kinds corresponding to the 
suffixes 1 and 2. 

Now consider a body containing M grammes of matter and F units 
of the electric fluid. The repulsion between this body and a unit of 
the electric fluid at distance unity is 

F-Ma. 


( 1 ) 
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If this expression is zero, the body will neitfier repel nor attract the 
electric fluid. In this case the body is said to be saturated with the 
electric fluid, and the condition of saturation is that every gramme of 
matter contains a units of the electric fluid. From what wo have 
already said, it is plain that a must be a uuinbor reckoned by thousands 
of millions at least. The definition of Scaturation as given by Cavendish 
is somewhat different from this, although on his Own hypothesis it leads 
to identical results. He makes the condition of saturation to be (in 
Art. fi) ‘Hhat the attraction of the electric fluid in any small part of the 
body on a given pai’ticle of matter shall be equal to the repulsion of the 
matter in the same small part on the same particle.” Hence this con- 
dition is expressed by the equation 

Fa^Mr. ( 2 ) 

But as the essential property of a saturated body is that it does not 
disturb the distribution of electricity in neighbouring conductors, wo 
must consider the true definition of saturation to be that there is no 
action on the electric JluicL 

Now consider two bodies of different kinds of matter 3/^ and and 


let each of them be saturated. 

The quantity of electric fluid in the first will be 

(3) 

and that in the second (4) 

The repulsion between the two bodies will be 

F^F^ ~ ~ ip) 

or, substituting the values of and F.,^ and changing the signs, it will 
be an attraction equal to {a^a^ — (6) 

Now we know that the action between two saturated bodies is an 
attraction equal to M^MJe^ (7) 

where k is the constant of gravitation. 

Hence we must make - r^^ — k (8) 


for every two kinds of matter, k being the same for all kinds of 
matter. 

According to Baily^s repetition of Cavendishes experiment for de- 
termining the mean density of the earth*, 

(9) 

gramme . second ' ' 

This number is exceedingly small compared to the product 

* Baily’fl adopted mean for the earth's density is 5*6604, which, with the 
values of the earth's dimenBions and of the intensity of gravity at the earth’s 
surface used by Bally himself, gives the above value of k as the direct result of 
his experiments. 
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NOTE 1. 


which is of the order 10*® at least. Hence the repulsion between 
two grammes of matter entirely deprived of electricity, is of the same 
order as 

If we consider the attraction of gi^vitation as something quite inde- 
pendent of the attractions and repulsions observed in electrical phe- 
nomena, we may suppose — (1^) 

so that two saturated bodies neither attract nor repel each other. 

Now we have adopted as the condition of saturation, that neither 
body acts on the electric fluid in the other. But since neither body 
acts on the other as a whole, each has no action on the matter in the 
other, so that our definition of saturation coincides with that given by 
Cavendish. 

Lastly, let the two bodies not be saturated with electricity, but 
contain quantities -h and respectively, where F^ ~ and 

F^ ~ and and E.^ may be cither positive or negative, provided 
that F + E must in no case be negative. 

The repulsion between the bodies is 
{F, + E,) {F, + E,) - {F, + A) - {F, + E,) M,a, + (11) 

and this by means of equations (3) (4) and (10) is reduced to 


Theory of Tivo Fkdds, 

In the theory of Two Electric Fluids, let V denote the quantity of 
the Vitreous fluid and R that of the Besinous. 

Let the repulsion between two units of the same fluid be 6, and let 
the attraction between two units of different fluids be c. 

Let the attraction between a unit of either fluid and a gramme of 
matter be a, and let the repulsion between two grammes of matter 
be r. 

If a body contains units of vitreous, units of resinous elec- 
tricity, and grammes of matter, its repulsion on a unit of vitreous 

electricity will be Vfi — 

and the repulsion on a unit of resinous electricity 

- V^c -h Rfi - 

The definition of saturation is that there shall be no action on either 
kind of electricity. Hence, equating each of these expressions to zero, 
we find as the conditions of saturation 
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The total repulsion between the two bodies is 


If we no V put V^ = 


the total repulsion becomes 





h-o 

*> 




The first term of this expression, with its sign reversed, represents the 
attraction of gravitation, and the second tin*in represents the observed 
electric action, but the other terms represent forces of a kind which havo 
not hitherto been observed, and we must modify the theory so as to 
account for their non-existence. 


One way of doing so is to suppose h — c and ~ — 0, The result 

of this hypothesis is to reduce the condition of saturation to that of the 
equality of the two fluids in the body, leaving the amount of each quite 
undetermined. It also fails to account for the observed action between 
the bodies themselves, since there is no action between them and the 
electric fluids. 

Tlie other way is to suppose that 0, or that the sum of the 

quantities of the two fluids in a body always remains the same as when 
the body is saturated. This hypothesis is suggested by Priestley in his 
account of the two-fluid theory, but it is not a dynamical hypothesis, 
because it does not give a physical reason why the sum of these two 
quantities should be incapable of alteration, however their difference is 
varied. 

The only dynamical hy|>othcsis which appears to meet the case is to 
suppose that the vitreous and resinous fluids are both incompressible, 
and that the wliole of space not occupied by matter is occupied by one 
or other of them. In a state of saturation they are mixed in equal 
proportions. 

The two-fluid theory is thus considerably more difficult to reconcile 
with the facts than the one-fluid theory. 
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Note 2, Arts. 27 and 282. 

The problem of the distribution, in a sphere or ellipsoid, of a fluid, 
the particles of which repel each other with a force varying inversely as 
the power of the distance, has been solved by Green*. Green’s 
method is an extremely powerful one, and allows him to take account 
of the effect of any given system of external forces in altering tlie 
distribution. 

If, however, we dq not require to consider the effect of external 
forces, the following method enables us to solve the problem in an 
elementary manner. It consists in dividing the body into pairs of 
corresponding elements, and finding the condition that the repulsions 
of con*esponding elements on a given particle shall be equal and 
opposite. 

(1) Specification of Corresponding Points on a line. 


^1 


“P Os -^2 


Let -4 1^2 ^ finite straight line, let JP be a given point in the line, 

and let Qi and be corresponding points in the segments A^P and 
PAj respectively, the condition of correspondence being 

1111 
Q,p A,p PQ^ pa; 

It is easy to see that when coincides with A,, coincides with 
A a, and that as Qi moves from A, to P, moves in the ojiposite 
direction from A^ to P, so that when coincides with P, also 
coincides with P. 


Let and be another pair of corresponding points, then 


or 


1 1 

1 1 

(2) 

Q^p A^p 

-'pqi PA- 

Subtracting (1) from (2) 

• 


1 1 

1 1 

( 3 ) 

q:p q,p 

~PQl PQ,' 

q.q: 

q:q. 

( 4 ) 

q:p.- q,p 

pq::pq,' 


If the points and are. made td approach each other and ultimately 

* ** Mathematical Investigations concerning the laws of the equilibrium of fluids 
analogous to the electric fluid, with other similar researches,” Transactions of the 
Cambridge Philosophical ISociety^ 1833. Read Nov. 12, 1832. See Mr Ferrers’ Edition 
of Green’s Papers, p. 119. 
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to coincide, ultimately becomes the fluxion of Qy which we may 
write and we have 

Q,F»~PQ‘’ 

or corresponding elements of the two segments are in the ratio of the 
squares of their distances from P. 

Let us now suppose that is a double cone of an exceedingly 

small' aperture, having its vertex at P; let us also suppose that the 
density of the redundant fluid at (?, is p,, and at is p^; then since the 
areas of the sections of the cone at and are as the squares of the 
distances from P, and since the lengths of corresponding elements are 
also, by (5), as the squares of their distances from P, the quantities of 
fluid in the two corresponding elements at and are as to 

p^PQ*. If the repulsion is inversely as the w-**' power of the distance, 
the condition of equilibrium of a particle of the fluid at P under the 
action of the fluid in the two corresponding elements at and is 

= ( 6 ) 

We have now to show how this condition may be satisfied by one 
and the same distribution of the fluid when P is any point within an 
ellipsoid or a sphere. Wo must therefore express p so that its value is 
independent of the position of P. 

Transposing equation (1) we find — 

1 1 ..V 

Q,r'^ 2\I‘- 

Multiplying the corresponding members of equations (1) and (7) 
and omitting the common factor A^P, PA^, 

AiQi . QiA^ /Q\ 

Ave may therefore write, instead of equation 6, 

Pi (^1^1 • ^ ^ • W 

Lot us now suppose that A^A^ is a chord of the ellipsoid, whose 
equation is 

. (10) 

If Ave write 




then the produqt of the segments of the chord at is to the product 
of the segments at as the values of at these points respectively, or 

A\g, . : AyQ^. Q^A , : p,\ ( 12 ) 
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We may therefore write, instead of equation (9), 

(13) 

If, therefore, throughout the ellipsoid, 

P = C2f-\ (14) 

where C is constant, every paHicle of the fluid within the ellipsoid 
will bo in equilibrium. 

Wo have in the next place to determine whether a distribution of 
this kind is physically joossible. 

Let E be the quantity of redundant fluid in the ellipsoid, 


Jo 


= ivabc cfp’-’il 

Jo 

(15) 

« + 1' 

(16) 



Let p,, be the density of the redundant fluid if it had been 
spread through the volume of the ellipsoid, then 

uniformly 

,, 47r , 

h - ~ «6ep„, 

(17) 

and if p is the actual density of the redundant fluid, 


2 ■'(* 2 ') ... 

(18) 


When n is not less tlian 2, there is no difficulty about the interpre- 
tation of this result. 

The density of the redundant fluid is everywhere positive. 

When = 4 it is everywhere uniform and equal to 

When n is greater than 4 the density is greatest at the centre and is 
zero at the surface, that is to say, in the language of Cavendish, the 
matter at the surface is saturated. 

When n is between 2 and 4 the density of the redundant fluid at the 
centre is positive and it increases towards the surface. At the surface 
itself the density becomes infinite, but the quantity collected on the 
surface is insensible compared with the whole redundant fluid. 
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When n is equal to 2, F 



becomes infinite, and the value of p 


is zero for all points within the ellipsoid, so that the whole charge is 
collected on the surface, and the interior parts are exactly saturated, 
and this we find to be consistent with equilibrium. 


When n is less than 2 the integi-al in equation (15) becomes infinite. 
Hence if we assume a value for C in the interior parts of the ellipsoid, 
we cannot extend the same law of distribution to the surface without 
introducing an infinite quantity of redundant fluid. We might there- 
fore conclude that if tlie quantity of redundant fluid is given, we must 
make 0 = 0, and suppose the redundant fluid to be all collected at the 
surface, and the interior to be exactly saturated. But, on trying this 
flistribution, we find that it is not consistent with equilibrium. For 
when n is less than 2, the effect of a shell of fluid on a particle vdthin it 
is a force directed from the centre. If, therefore, a sphere of saturated 
matter is surrounded by a shell of electric fluid, the fluid in the sphere 
will be drawn towards the shell, and this process will go on till the 
different parts of the interior of the sphere are rendered undercharged 
to such a degree that each particle of fluid in the sphere is as much 
attracted to tlie centre by the matter of the S 2 )here as it is repelhid from 
it by the fluid in the s])hero and the shell together. This is the same 
conclusion as that stated by Cavendish. 


Green solves the problem, on tlie hypothesis of two fluids, in the 
following manner. 


Suppose that the sphere, when saturated, contains a finite quantity, 
of tlie positive fluid, and an ecpial quantity of the negative fluid, and 
let a quantity, Q, of one of them, say the positive, be introduced into the 
sphere. 

Let the whole of the j^ositive fluid be spread uniformly over th<^ 
surface of tlie sphere whose radius is a, so that if P' is the surface- 
density, 

4:7ra^P' = JU Q. 


Green then considers the equilibrium of fluid in an inner and con- 
centric sphere of radius b, acted on by the fluid in the surface whose 
radius is a, and shows that if the density of the fluid is 

p = - Fa sin ^ IT (a‘- {a‘ -rY' (6' - , 

TT A 

there will bo equilibrium of the fluid within the inner sphere. 


The value of p is evidently negative if n is less than 2. 

Green then determines, from this value of the density, the whole 
quantity of fluid within the sphere whose radius is b, and then by 
equating this to — the whole quantity of ncgfitive fluid, he detennines 
the radius, b, of the inner sphere, so that’ it shall just contain the whole 
of the negative fluid. 


24-2 
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The whole of the positive fluid is thus condensed on the outer surface, 
the whole of the negative fluid distributed within the inner sphere, and 
the shell between the two spherical surfaces is entirely deprived of both 
fluids. 

At the outer surface, the force on the positive fluid is from the 
centre, but the fluid tiiere cannot move, because it is prevented by the 
insulating medium which surrounds the sphere. 

In the shell between the two spherical surflices the force on the 
positive fluid would l)e from the centre. Hence if any positive fluid 
enters this shell, it will be driven to the outer surface, and if any 
negative fluid enters, it will be driven to the inner surface. 

But all the positive fluid is already at the outer surface, and all the 
negative fluid is already in the inner sphere, where, as Green has shown, 
it is in equilibrium, and thus the fluids are in equilibrium throughout 
the sphere. 

It may be remarked that this solution, according to which a certain 
portion of matter becomes entirely deprived of both fluids, is inconsistent 
with the ordinaiy statements of the theory of two fluids, which usually 
assei-t that bodies, under all circumstances, contain immense quantities 
of both fluids. 

In the two-fluid theory, by depriving matter of both fluids, we get 
an inactive substance which gives us no trouble, but in the one-fluid 
theory, matter deprived of fluid exerts a strong attraction on the fluid, 
the consideration of which would considerably complicate the mathe- 
matical i^roblem. 


Ivjlnite plate with plane parallel surfaces. 

The distribution of the fluid in an infinite plate with plane parallel 
surfaces is given in the general solution which we have obtained for 
a body bounded by a quadric surface, namely, p = Cp'' \ 

In the case of the plate we must suppose it bounded by the planes 
x = + a, and a; = - a, and then p is defined by the equation 

If cr is the quantity of fluid in a portion of the plate whose area is 
unity, 



Thin disk. 

The distribution in an infinitely thin disk may be deduced from that 
in an ellipsoid by making one of the axes infinitely small. It is better 
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however to proceed by the method which we liave already employed, 
only that instead of supposing the line (Fig. p. 368) to be a double 

cone, we suppose it to be a double sector cut from the disk. The breadth 
of this sector is proportional to the distance from F, so that the con- 
dition of equilibrium of the repulsions of two corresponding elements 
whose surface-densities are cr, and is 


whence wo find, as beforc, that if the equation of the edge of the disk is 



and if 




then the surface-density at any point is 

a^Gp^-\ 

The quantity of fluid in the disk is found by integrating over the 
surface of the disk, and is 

^ G 

(j? — — • 

n - 1 

Hence if cr^ is the mean surface-density, the surface-density at any 
point is given by the equation 

n — 1 ... 

<r=^—2-<roP . 


Thin rod. 

Tlie distribution on an infinitely thin rod is found by considering 
A^FA^ a rod of uniform section, which leads to the equation 

where \ is the linear density, and if the length of the rod is 2a, and 
if X is the distance from the middle, and 03* = (1 — i>®), the distribution 

of the linear density is given by 


The charge of the whole rod is 
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so that if A„ denotes the mean linear density, 

/n + IN 


X -X. 




when w = 2, X - X^, or the density is uniforin. 

Since the Iluid is in equilibrium in all these cases, the potential is 
uniform throughout the body. We may therefore determine the value 
of the potential at any point within the body by finding its value at 
any selected point, as for instance at the centre. If de be an element 
of the fluid, and r its distance from the given point, the corresponding 

element of the potential due to the force whose value is er”“ is ^ ^ er'"'*. 

We thus find for the potential of the S])here 

V = C'SB-a*-" — ^ r 


u-\ 




1 


r!i±i 

2 2 


n-l r{» 

When n becomes equal to 1, T becomes infinite. 

When n is ajual to 2, V = Qcr\ 

For the plate bounded by parallel planes, V is infiiiito, except for 
values of n between 3 and 4, for which 




li7r<T„ 


‘■(’i-VC-i-”) 

r(i) 


(vi-l)(/i-3) 

where cr^ is the quantity of fluid in unit of area of the plate. 
For a circular disk 

in which n must be between 1 and 3. 

«. 

TT 


When « = 2, 

For an infinitely narrow rod 


/n + l\^/2-n\ 
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Note 3, Akt. 69. 


On canals of incompressihle Jluid. 


It appears from several passages (Arts. 40, 236, 273, 276, 278, 294, 
348) that Cavcndisli considered that the weakest point in liis theory 
was tJic assumption that the condition of electric equilibrium between 
two conductors connected by a fine wire is tlic same as if, instead of 
the wire, there were a canal of incomprossible fluid defined as in 
Art. 69. 


It is true that the properties of the electric fluid, as defined by 
Cavendish in Art. 3, are very different from those of an incompressible 
fluid. But it is easy to sliow that the results deduced by Cavendish 
from tlie hypothesis of a canal of incompressible fluid are applicable 
to tJie actual case in which the bodies are connected by a fine wire. 

In what follows, when wo speak of the electrified body or bodies, 
tlie canal or the wire is understood not to be included unless it is 
specially mentioned. 

Cavendish supposes tlie canal to be every wlicro exactly saturated 
with the electric fluid, and that the only external force acting on the 
fluid in the canal is that duo to the electrification of the other bodies. 

Since this resultant force is not in general zero at all points of the 
canal, the fluid in the canal cannot bo in equilibrium unless it is 
prevented from moving by some other force. Now the condition of 
incompressibility excludes any such displacernciit of the fluid as would 
alter the quantity of fluid in a given volume, and the stress by which 
such a displacement is resisted is called isotropic (or hydrostatic) pres- 
sure. In a hy 2 )othetical case like this it is best, for the sake of con- 
tinuity, to suppose that negative as well as positive values of tlie pressure 
are admissible. 

In the electrified bodies themselves the properties of the fluid are 
those defined in Art. 3. The fluid is therefore incapable of sustaining 
pressure except when its particles arc close packed together, and as it 
cannot sustain a negative pressure, the pressure must be zero in the 
electrified bodies, and therefore also in the canal at the points where 
it meets these bodies. 


The condition of equilibrium of the fluid in the canal is 

dV dp ^ 

'■a-**-'’- 


where V denotes the potential of the electric forces due to the electrified 
bodies, p the density, and p the pressure of the fluid in the canal, and s 
the length of the canal reckoned from a fixed origin to the point under 
consideration. 
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Since by the hypothesb of incompressibility, p is constant, 

pr+p=G, 

where C* is a constant; and if we distinguish by suffixes the symbols 
belonging to the two ends of the canal whei’e it meets the bodies A, 
and A^, 

pV,+p^ = pr^ + 2\- 

But we have seen that =:= 0. Hence dividing by p we find for 

the condition of equilibrium 

or the electric potential of the two bodies must be equal. 

We arrive at precisely the same condition if we suppose the bodies 
connected by a fine wire which is made of a conducting substance. 

Let V as before be the potential at any given point due to the elec- 
trified bodies, and let F, bo its value in il,, and V,, its value in and 
let V' be the potential due to the electrification of the wire at the given 
point, then the condition of equilibrium of the electricity in the wire 
is that V + V' must be constant for all points within the substance of the 
wire. Hence at the two ends of the wire 

r, + F/=F,+ F/. 

Hence the actual potential due to the bodies and the wire togetlier is the 
same in and A^. 

The only difference, then, between the actual case of the wire and 
the hypothetical case of the canal is tluit the surface of the wire is 
charged with electricity in such a way as to make its potential every- 
where constant, whereas the canal is exactly saturated, and the effect 
of variation of potential is counteracted by variation of pressure. 

Hence the canal produces no effect in altering the electrical state of 
the other bodies, whereas the wire acts like any other body charged 
with electricity. 

The charge of the wire, however, may be diminislied without limit 
by diminishing its diameter. It is approximately inversely propor- 
tional to the logarithm of the ratio of a certain length to the diameter 
of the wire. Hence by making the wire fine enough, the disturbance 
of the distribution of electricity on the bodies may be made as small as 
we please. 


jFrom the Preface to Green's Essay on the Application of Alaihematical 
Analysis to the Theories of Electricity and Magnetism'' 

‘‘Cavendish, who having confined himself to such simple methods 
as mfiy readily l)0 understood by any one fiossessed of an elementary 
knowledge of geometry and fluxions, has rendered his paper accessible 
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to a great number of readers ; and although, from subsequent remarks, 
he ap})ears dissatisfied with an liypothesis which enabled him to draw 
some important conclusions, it will readily be perceived, on an attentive 
perusal of his pap(U’, that a trilling alteration will suffice to render the 
whole perfectly legitimate. 

In order to make tliis quite clear, let us select one of Cavendishes 
propositions, the twentieth for instance [Art. *71], and examine with 
some attention the method there employed. The object of this propo- 
sition is to show, that when two similar conducting bodies communicate 
by means of a long slend(u- canal, and are charged with electricity, the 
respective quantities of redundant fluid contained in them will be pro- 
portional to the n - 1 power of their corresponding diameters ; sup- 
posing the electric repulsion to vary inversely as the n power of the 
distance. 

This is proved by considen^'ng the canal as cylindrical, and filled with 
incompressible fluid of uniform density : then the quantities of elec- 
tricity in the interior of the two bodies are determined by a very simple 
geometrical construction, so that the total action exerted on the whole 
canal by one of them shall exactly balance that arising from the other ; 
and from some remarks in the proposition [Arts. 94, 95] it appears 
the I’csults thus obtained agree very well with experiments in which 
real canals are employed, whether they are straight or crooked, provided, 
as has since been shown by Coulomb, n is equal to two. The author, 
however, confesses he is by no means able to demonsti’atc this, although, 
as wc shall see immediately, it may very easily be deduced from the 
propositions contained in this paper. 

For this purpose lot us conceive an incompressible fluid of uniform 
density, whose i)articles do not act on each other, but which are subject 
to the same actions from all the electricity in their vicinity, as real 
electric fluid of like density would be ; then supposing an infinitely thin 
canal of this hypothetical fluid, whose perpendicular sections are all 
ecpial and similar, to pass from a point a on the surface of one of the 
bodies through a portion of its mass, along the intei*ior of the real canal, 
and through a part of tlie other body, so as to reach a point A on its 
surface, and then proceed from A to a in a right line, forming thus a 
closed circuit, it is evident from the ])riiiciples of hydrostatics, and may 
be proved from our author’s 28rd proposition [Art. 84], that the whole 
of the hypothetical canal will be in equilibrium, and as every particle 
of the portion contained within the system is necessarily so, the 
rectilinear portion aA must tliercfore be in equilibrium. 

This simple consideration serves to complete Cavendish’s demon- 
stration, whatever may bo the fonn or thickness of the real canal, 
})rovided the quantity of electricity in it is very small compared with 
that contained in the bodies. 

An analogous application of it will render the demonstration of 
the 22nd proposition [Art. 74] complete, when the two coatings of the 
glass plate communicate with their respective conducting bodies by fine 
metallic wires of any form.” 
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Note 4, Art. 83. 


On the chargee of two equal i^arallel disks, the distance between 
them being small compared with the radius. 

The theory of two parallel disks, charged in any way, may be 
deduced from the consideration of two principal cases. 

The first case is when the jiotentials of the two disks are equal. If 
the distance between the disks is very small compared with their dia- 
meter, we may consider the whole system as a single disk, the charge 
of which is approximately the same as if it were infinitely thin. Hence 
if V be the jiotential, and if wc write A for the capacity of the first disk, 
and M for the coefficient of induction between the two disks, the charge 
of the first disk is 


and that of the second is 


If we make 


Q=Av,-nv, 

Q, + Q, = 2(A-Ji) V. 


Hence, by note 2, 




The second case is when the charges of the disks are equal and 
opposite. The surface-density in this case is approximately uniform 
except near the edges of the disks. I iiave not attemiited to ascertain 
the amount of accumulation near the edge except when n ~ 2. If we 
suppose the density uniform, then for a charge of tlie first disk equal 
to 7 ra®, its potential, wlien b the distance between the disks is small 
compared with a the radius, will be approximately 

27r 


r,= 




— ^ 6""”. 


Hence, since Fj, = ~ Fj 

A+J)=^(n-l) {3^?i)a^b^-'\ 

‘ and wo find 

a'*-* 








2r(-r)r(-r)' 
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When n = 2. 


, , a. a 

, 1^1 + 




6 ' 2ir ’ 
a** a 

h 27r 


In this caso, however, we can carry the api)roximation furtlier, for 
it is shown in Note 20 that 




It is shown in “ Electricity and Magnetism,” Art. 202, that wlicn 
two disks arc charged to equal and opposite potentials, the density near 
the edge of each disk is greater than at a distance from it, and the 

whole charge is the same as if a strip of bread tli . — had been added all 

round the disk. 


Hence A + B- (^i + 


and 


a h 

'26 ^ 87 '' ’ 

1 




Note 5, Art. 90. 

This proposition seems intended to justify those experimental 
methods in whicli the potential of the eartli is assumed as the zero of 
potential. 

Cavendish, by introducing the idea of degrees of electrification, 
as distinguished from the magnitudes of overcharge and undercliarge, 
very nearly attained to the position of tliose who are in possession of the 
idea of potential. But the very form of the phrases positively or 
negatively electrified,” which Cavendish uses, confers an impoi-tancc on • 
the limiting condition of “ no electrification,” which we hardly think of 
attributing to “ zero potential.” For we know tliat all electrical phe- 
nomena depend on differences of potential, and that the particular 
potential whicli we assume for our zero may be chosen arbitrarily, 
because it does not involve any physical consequences. 

It is true that the mathematicians define the zoi’o of potential as the 
potential at an infinite distance from the finite system which includes 
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the electric charges. This, however, is not a definition of which the 
experimentalist can avail himself, so he takes the potential of the 
earth as a zero accessible to all terrestrial electiicians, and each elec- 
trician “ makes his own earth.’’ 

The earth-connexion used by Cavendish is described in Art. 258* 
But when the whole apparatus of an electrical experiment is contained 
in a moderate space, such as a room, it is convenient to make an 
artificial “ cai*th ” by connecting by metal wires the case of the electro- 
meter with all those parts of the apparatus which are intended to be 
at the same potential, and calling this potential zero. 

It appears by observation, that in fine weather the electric potential 
at a point in the air increases with the distance from the earth’s surface 
up to the greatest heights reached by observers, and in all parts of the 
earth. It is only when there are considerable disturbances in the at- 
mosphere that the potential ever diminishes as the height increases. 
Hence the potential of the earth is probably always less than that 
of the highest strata of the atmosphere. 

If the earth and its atmosphere together contain just as much elec- 
tricity as will saturate them, and if tliere is no free electricity in the 
regions beyond, then the potential of the outer stratum of the at- 
mosphere will be the same as that at an infinite distance, that is, it will 
be the zero of the mathematical theory, and the potential of the earth 
will bo negative. 


Note 6, Art. 97, p. 43. 

On tliQ Molecular Constitution of Air, 

The theory of Sir Isaac Newton here referred to is given in the 
Principia^ Lib. ir., Prop, xxiii. 

Newton supposes a constant quantity of air enclosed in a cubical 
vessel which is made to vary so as to become a cube of greater or smaller 
dimensions. Then since by Boyle’s law the product of the pressure of 
the air on unit of surface into the volume of the cube is constant ; and 
since the volume of the cube is the product of the area of a fiico into 
the edge perpendicular to it, it follows that the product of the total 
pressure on a face of the cube into the edge of the cube is constant, or 
the total pressure on a face is inversely as the edge of the cube. 

Now if an imaginary plane be drawn through the cube parallel to 
one of its faces, the mutual pressure between the portions of air on 
opposite sides of this plane is equal to the pressure on a face of the 
cube. But the number of particles is the same, and their configuration 
is geometrically similar whether the cube is large or small. Hence the 
distance between any two given molecules must vary as the edge of the 



CONSTITUTION OF AIR. 


381 


cube, and the force between the two molecules must vary as the total 
force between the sets of molecules separated by the imaginary plane, 
and therefore the product of the repulsion between two given mole- 
cules into the distance between them must be constant, in other words 
the repulsion varies inversely as the distance. 

In this demonstration the repulsion consid(3red is that between two 
given molecules, and it is shown that this must vary inversely as the 
distance between them in order to account for Boyle’s law of the elas- 
ticity of air. 

If, however, we suppose the same law of repulsion to hold for every 
pair of molecules, Newton shows in his Scholium that it would require 
a greater pressure to produce the same density in a larger mass of air. 

Wo must therefore suppose that the repulsion exists, not between 
every pair of molecules, but only between each molecule and a certain 
definite number of other molecules, which we may suppose to be defined 
as those nearest to tlio given molecules. Newton gives as an example 
of such a kind of action the attraction of a tnagiiot, the field of which is 
contracted when a plate of iron is interposed, so that the attractive 
power appears to be bounded by the nearest body attracted. 

If the repulsion were confined to those molecules which are within 
a certain distance of each other, then, as Cavendish points out, the 
pressure arising from this repulsion would vary nearly as the s(]uarc 
of the density, provided a large number of molecules arc within this 
distance. Hence this hypothesis will not explain the fact that the 
pressure varies as the density. 

On the other hand, if the repulsion were limited to j)articular pairs 
of particles, then since the j)articles are free to move, these pairs of 
particles would move away from each other till only those particles 
were near each other between which the repulsive force is supposed not 
to exist. 

It would appear thex'efore that the hypothesis stated by Newton and 
adopted by Cavendish is the only admissible one, namely, that the re- 
pulsive force is inversely as the distance, but is exerted only between 
the nearest molecules. 

Newton’s own conclusion to his investigation of the proj)crtics of air 
on the statical molecular hypothesis is as follows: — ‘'An vero Fluida 
Elastica ex particulis se mutuo fugantibus constent, Qiicestio Physica cst. 
Nos proprietatom Fluidorum ex ejusmodi particulis constantiiim mathe- 
matice denionstravimus, ut Philosophis ansam prasbeamus Quaestionom* 
illam tractandi.” 

The theory that the molecules of elastic fluids are in motion satisfies 
the conditions of the question as pointed out by Newton in a luuch 
more natural manner than any modification of the statical hypothesis. 

According to the kinetic theory of gases, eacli molecule is in motion, 
and this motion is during the greater part of its course undisturbed by 
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the action of other molecules, and is therefore uniform and in a straight 
line. When however it conies very near another molecule, the two 
molecules act on each other for a very short time, the courses of both 
arc changed and they go on in the new courses till they encounter other 
molecules. 

It would appear from the observed pro{)orties of gases that the 
mutual action between two molecules is insensible at .all sensible dis- 
tances. As the molecules approach, the action is at first attractive, but 
soon changes to a repulsive} force of far greater mnguitude, so that the 
general character of the encounter depends mainly on the re])ulsive 
force. 

On this theory, the elasticity of the gas may still be said in a certain 
sense to arise from the repulsive force between its molecules, only 
instead of this repulsive force being in constant .action, it is called into 
jday only during the encounters between two molecules. The intensity 
of the impulse is not the same for .all encounters, but .as it does not 
depend on the interval between the encounters, we m.ay consider its 
me.an value as constant. The average v.alue of the force between two 
molecules is in this case the value of the impulse divided by the time 
between two encounters. Hence we may say that tlie force is inversely 
as the distance between the molecules, and that it acts between those 
molecules only which encounter each other. 

For an earlier investigation by C.avendish of the properties of an 
tdastic fluid, see Note 18. 


Note 7, Art. 101. 

Here Cavendish endeavours to fix a precise meaning to the terms 
positively and negatively electrified,” terms which he found current 
among electricians, but not well defined. The meaning which he here 
fixes to them, and wliich he afterwards m.akes much use of, is e(j[uivalcnt 
to the me.aning of the modern term potential, as used by practical elec- 
tricians. The idea of potential as used by mathematicians is expressed 
by Cavendish in his theory of canals of incompressible fluid. 

In the “Thoughts concerning Electricity,” and in the unpublished 
papers, degrees of electrification arc spoken of. These degrees of elec- 
trification are measured in the experimental researches by means of 
•electrometers of different kinds, and since he has compared the indi- 
cations of his electrometers with the degi*ees of electrification required 
to make a spark pass between the balls of Trane’s discharging electro- 
meter, we may express all these measurements in modern units, though 
Cavendishes original electrometers no longer exist. 

I have not been able to trace the idea of electric potential in the 
work of CEpinus, so that Cavendish seems the first to have made use 
of it. The relation between the charge of a body .and the degree of 
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its electrification is the main object of Cavendish’s experimental re- 
searches, and the results of his work were expressed in tJio material 
form of a collection of coated plates, each of which had a cajiacity equal 
to that of a sphere of known diameter. 

The leading idea in the great experimental work of Coulomb seems 
to be the measurement of the charges of the different bodies of a 
system and of parts of these bodies. Perhaps the most valuable of 
Coulomb’s many contributions to experimental physics was the mea- 
surement of the surface-dcjisity of the distribution of electricity on a con- 
ductor on different })iirts of its surfiice by means of the proof plane. 
The numerical results obtained by Coulomb led directly to the great 
mathematical work of Poisson. I have not been able, however, to 
trace, even in those parts of Coulomb’s papers where it would greatly 
facilitate the exposition, any idea of potential as a quantity which 
has the same value for all parts of a system of conductors communica- 
ting with each other. 


Note 8, p. ol. 

Gases of Attraction and ReimMon, 


The statements of Cavendish may be illustrated by the case of two 
spheres -4 and By whoso radii are a and by and the distance between 
their centres c. 


If the charge of yl is 1 , and that of B is 0, the attraction is 



+ 4-5 + 5 
c 


W + 


■ 4 t\:c. 


an expression which shows that it depends chiefly on the value of 6, the 
radius of the sphere without charge. 

If the splierc By instead of being without charge, is at potential zero, 
that is, if it is not insulated, the attraction is 




This expression exceeds the former by 


— , + 3 — + tVtC. 

C' & 


The number of times that tlie attraction of an uninsulated sphere 
exceeds that of a sj)here without charge is therefore approximately 


which is greater as the sphere is smaller. This agrees with what 
Cavendish says in Art. 108. 
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respect to two bodies at the same potential, Cavendish remarks 
in 113, that it may be said that one of them may be rendered 

undercharged in the part nearest to the other, and he shows that even 
ill this case, the two bodies must repel eacli other. But it may be shown 
that each of the bodies must be overcharged in every part of its surface. 
For in tlie first place no part can be undercharged, for the lines of force 
which tenninate in an uiidercliarged surface must have come from an 
overcharged surface at which the potential is higher than at the surface. 
But there is no body in the field at a higher potential than the two 
bodies considered. Ifence no part of their surface can be undercharged. 

Nor can any finite part of the surface be free from cliarge, for it 
may be shown that if a finite portion of the surface of a conductor is 
free from cliarge, every point which can be reached by continuous 
motion from that part of the surface without passing through an elec- 
trified surface must be at the same potential. Hence no finite portion 
of a surface can bo free from charge, unless tlie whole surface is free 
from charge. 


Note 9 , Art. 124 . 

The rate at which electricity passes from a conductor to the sur- 
rounding air or from the surrounding air to a conductor was believed 
to be much greater by Cavendish and his contemporaries than is con- 
sistent with modern experiments. Judging from the statements of the 
electricians of each generation, it would seem as if this rate had been 
diminishing steadily daring the last hundred 3 ^ears in exact corre- 
spondence with the improvements which have been made in the con- 
struction of solid insulating supports for electrified conductors. 

Whenever the intensity of the electromotive force at the surface 
of a conductor is sufilcicntly great, the air no doubt becomes charged.* 
This is the case at a sliarj) point connected with the conductor even 
when the potential is low, but when the curvature of the surface is 
continuous and gentle, the conductor must be raised to a high potential 
before any discharge to air begins to take jilace. 

Thus in Thomson’s portable electrometer, in which there are two 
disks placed parallel to each other at difiei’ent potentials, the percentage 
loss of electricity from day to day is very small, and seems to depend 
principally on the solid insulators, for when the disks are placed very 
near each other, less loss is observed than when they are further apart, 
though the intensity of the force urging the electricity through the 
intervening stratum of air is greater the nearer the disks are to each 
other. 

* M. E. Nahrwold (Wiedemann’s Annalen v. (1878) p. 440) finds that the dis- 
charge from a sharp point communicates a charge to dusty air which can be 
detected in the air for sdme time afterwards. This does not occur in air free from 
dust. But the discharge from an incandescent platinum wire communicates a 
lasting charge even to air free from dust. 
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On the surface density of electricity near the vertex of a 

Green has given in a note to his Ussay, section (12), the following 
results of an investigation which, so far as I am aware, he never pub- 
lished. 

“ Since this was written, I Iiave obtained fonuiilsB serving to express, 
genei-ally, the law of the distribution of the electric fluid near the apex 0 
of a cone, which forms part of a conducting surface of revolution having 
the same axis. From these formulae it results that, when the a^^ex of 
the cone is directed inwards, the density of the fluid at any point 
neai* to it, is proportional to r being the distance Oj), and the 

exponent n very nearly such as would satisfy the simple equation 

(4?i + 2) ^ = Stt, 

where 2^ is the angle at the summit of the cone. 

If 2j3 exceeds ir, this summit is directed outwards, and when the 
excess is not very considerable, n will be given as above : but 2j3 still 
increasing, until it becomes 27r — 2y, the angle 2y at the summit of the 
cone, which is now directed outwards, being very small, n will be given 

2 

2 n log-= 1, 

and in case the conducting body is a sphere whose radius is b, on which 
rej^rcsents the mean density of the electric fluid ; p, the value of the 
density near the apex 0, will be determined by the formula 

2rb7i 

^ (a -f 6) y W ’ 
a being the length of the cone. 

Professor F. G. Mehler* of Elbing has investigated the distribution 
of electricity on a cone under the influence of a charged point on the 
axis, and the inverse- problem of the distribution on a spindle formed by 
the revolution of the segment of a circle about its chord. 

He finds that when the segment is a very small portion of the circle, 
so that the conical points of the spindle arc very acute, the surface- 
density at any point is inversely proportional to the product of the 
distances of that point from the two conical points. 

• 

^ Ueher eine mit den Kngel- und Cylinder functionen yerwandte Function, 
und ihre Anwendung in der Theorie der Eloclricitatsvertbeilung. (Elbing, 1870.) 
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NOTE 10. 


Note 10, p. G3. 


Sir W. Tlioiiisoir^ has detcnnined in absolute measure the eleclbro- 
inotive force required to produce a spark in air between two electrodes 
in the fonn of disks, one of which was plane, and the other slightly 
convex, placed at different distances from (iach other. Mr Macfarlanet 
has recently made a more extensive scries of experiments on the dis- 
ruptive discharge of electricity. He finds that in air at the ordinary 
pressure and temperature the electromotive force required to pi-oduce 
a sj)ark between disks, 10 cm. diameter, and from 1 to 0*025 cm. 
apart, is expressed by the emi)irical equation 

F= 06-940 (s’ +-20503*)“, 
where s is the distance between the disks. 

If we suppose that in the space between the disks the potential 
varies uniformly, as it does between two infinite planes, then the re- 
sultant electromotive intensity m 


If, on the other hand, we sup{)ose that the variation of the poten- 
tial near the surface of the disks is affected by unknown causes, 'we 
would get a better estimate of the intensity by taking 


(IS 

V dV 

Both — and diminish as the distance incieases, approximating 
to the limit C6-940. 


This corresponds to a surface-density of 5*327 units of electricity 
per square centimetre, and to a tension of 178*3 dynes per square 
centimetre. As the ordinary pressure of the atmosphere is about a 
million dynes per square centimetre, the pressure with which the 

electricity tends to break through the air is only about of the 

pressure of the atmos 2 )here. 

If the electrodes are convex surfaces, whoso radii of curvature, 
a and 6, are large coinjiared with the least distance c between the 
surfaces, then if 

1^1 2 J 

s ' c ^ 3a 3b* 


the greatest electric force at the surface whose radius is a will be equal 
to that at either of two parallel plane surfaces at the same potentials 
whose distance is 8» 


* Proc. R, S., 1860, or Papers on Electrostatics ^ chap. xix. 
t Trans, R. S. Edin,, Vol. xxviii., Part ii. (1878), p. 663. 
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Hence the electromotive force required to produce a spark between 
convex surfaces, as in Lane’s electrometer, is less than if the surfaces 
had been plane and at the same distance. 

' When the air-space is large, the path of the sparks, and therefoi-e 
the electromotive force required to produce them, is exceedingly irre- 
gular. The accompanying figure is from a photograph of a succession 
of sparks taken between the same electrodes from four Leyden jars 
charged by Holtz’s machine. 

A portion of the path near the positive electrode is nearly straight, 
there is then a sharp turn, wliich, in all the sparks represented, is in the 
same direction. Beyond this the course of the spark is very irre- 
gular, although its general direction is deflected towards the same side 
as the first sharp turn. 



Note 11, Ai-t. 141. 

Tlieory of two circular disks on tJie same axis, their radii being small 
coinpared with the distance between tlwm, 

A circular disk may be considered as an ellipsoid, two of whose 
axes are equal, while the third is zero, and we may apply the method 
of ellipsoidal co-ordinates to the calculation of the potential*. In the 

* See Ferrers’ Spherical Jlarmonice, p. 136. 
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case before us everything is symmetrical about the axis, so that we have 
to consider only the zonal harmonics, and of these only those of even 
order, unless we wish to distinguish between the surface density on 
opposite sides of the same element of the disk, for this de 2 )euds on the 
harmonics of odd orders. 

Let a be the radius of the first disk, h that of the second, and c the 
distance between them. 

We shall use ellipsoidal co-ordinates confocal with the first disk. Let 
r, and be the greatest and least distances respectively of a given point 
from the edge of the disk, and let 

= ( 1 ) 

+ ( 2 ) 

then if s is the distance of the point from the plane of the disk, and r 
its distance from the axis, 

« = (3) 

-/.»)(/-!). (4) 

If the surface-density of the electricity on the disk is a function of 

the distance from the axis, it may be expressed in tlie form 

cr='crQ+ oTg-f&c., (5) 

where 

and is the zonal harmonic of order 27?.. Only even ordera are ad- 
missible, for since every element of the disk corresponds to two values 
of /X, numerically equal but of opposite signs, a term involving an 
harmonic of odd order would give the surface-density everywhere zero. 

The potential arising from this distribution at any point whose ellip- 


soidal co-ordinates 

are <o — a/x and if — «v 


is 

F'= r„+ F.+&C.+ r„, 

( 7 ) 

where 


(8) 


In this expression Q\,X^) denotes a scries, the terms of whicli are 
numerically equally to those of zonal harmonic of the second 

kind, but with the second and all even terms negative. If we j^ut 
i for 1, we may write 




(») 


1.3.5 '4n + l 


3.4^5...(2n + 2) 
3.5.7 (4«+3) 


+ &c. 


( 10 ) 


This expression is’ an infinite scries, the terms of ■which increase 
without limit when v is diminished without limit. 
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It may, however, be expressed in tlio finite form^ 

wL.r. 


( 11 ) 

( 12 ) 


that is to say P\,J<y) is a zonal liarmonic of the first kind witli all its 
terms positive, and ^„^{v) is a rational and integral function of v of 2?i- 1 

degrees, which is such as to cancel all the terms of P' 2 ^{v) taii“* 

which do not vanish when v becomes infinite. 

The expression (11) is applicable to small as well as great values 
of V, Thus we find when v is 0, as it is at the surface of the disk, 




2n\ 


T^n\n\ r 


(13) 


Tlie potential at any point of the disk is therefore the sum of a 
scries of terms, the general foim of which is 


V -- 7 > (u) 


(U) 


On the axis, /a = l and av — z, and the potential is the sum of a 
series of terms, tho general form of which is 




(15) 


Since we have to determine the value of the potential arising from 
the first disk at a point in the second disk for which « = c at a distance 
r from the axis, and if we write 

^ = b‘{l-f), (16) 

where b is the radius of the second disk, and is a quantity correspond- 
ing to fi in the first disk, then the most convenient expression for the 
potential due to the first disk at a point (p) in the second, is 


y- ^ 2" a* dv* ^ 2^ 4“ 'dr* ^ ^ 


where TJ denotes the value of the potential at the axis, and where, after 
the differentiations, va is to be mtule equal to c. 

• 

To investigate the mutual action of tho two disks, let us assume 
that the surface-density on the second disk is the sum of a number of 
terms of which the general form is 


* See Heine, Ilandhuch der Kugelfunciionen^ § 28, 20. 
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The potcQthil at the surface of the second disk aidsing from this 
distribution will be the sum of a series of terms of the form 


w 1 (2 m!)* 

2 b 2”(m!)* 




0>)- 


( 19 ) 


Tlie potential arising from the presence of the first disk is given in 
equation (17). 


Having thus expressed the most general symmetrical distribution 
of electricity on the two disks and the potentials thence arising, we 
are able to calculate the jiotcntial energy of the system in terms of 
the squares and products of the two sets of coefficients A and B. 


If W denotes the potential energy, 


W=\ JJaVdg, (20) 

when the integration is to bo extended over every element of sur- 
face dn. 


Confining our attention to the second disk, the part of IF thence 
arising is 

( 21 ) 


•'0 


and the part arising from the term in the density whose coefficient 

IKfyPAvW ( 22 ) 


is is 


The part of the value of V wliich arises from the electricity on tlie 
second disk itself is the sum of a series of terms of the form (19). The 
surface-integral of the product of any two of these of different orders is 
zero, so that in finding the potential energy of the disk on itself wo 
have to deal only with terms of the form 


5 1 

*“4 6 


j2m!)* 1_ 

2'‘“(m I)" 4m + i’ 


(23) 


The energy arising from the mutual action of the disks consists of 
terms whose coefficients are products of -^I’s and i^’s, and in calculating 
these we meet with the integral'^ 


J l /I a\mn / \ j / t \n 2®”* ! m ! 7)1 ! 2,71 ! 

We have, therefore, for the harmonic of order zero. 

Surface-density on the first disk, o-^ ^ ~ , where A is the charge 

^TTU fJi 

of the first disk. 

* I am indebted for the general value of this integral to Mr W. D. Niven, of 
Trinity College. 
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Potential at the surface of tlio first disk T. = « ~ -^1. 

® 2 a 

Potential at the surfsice of the second disk, arising from this distri- 
bution of electricity on the first, 

+ .1 [2 . 3 , 4 - 4 . 5 . 6 ®* + &c.] 


- JilC. 


1 




Order 2. . . , 

^ira fjL 

Potential at tlie surface of lii*st disk, 

I'.-f 

Potential at the surface of the second disk, 




2 4 a“ 6 1 

e-LO 5.7 *‘’-J 


+ A .. I 


a^b^l-r). 


. 2^74^; 4. 6 -ike.]. 


Oj'der 4. 

Potential at first disk. 




27ra^p L ^ 


30 




:]■ 


TT , l’.3»r35 , 30 , 3] 

^«-2«^^2».4' [s"'* S 

Potential at second disk, 

, 1.3«‘r 2.4 4.G n\ . 


7. 9. U c* 




and so on. 


'*2.4 2V I 7.0 -J' 


We have next to calculate the energy arising from this distri- 
bution on the first disk, together with a corresponding distribution 
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on tlie second disk, tlio coefficients of the harmonics for the second 
disk being 2?, A, &c. 

It will consist of tliree parts, the potential energy of the first disk on 
itself, of the first and secoiul on each other, and of the second on itself. 

The first part will involve only terms having for coefficients the 
squares of the coefficients A, for those involving jJrodiicts of harmonics 
of different orders will vanish on integration. 

The third part will, for the same reason, involve only squares of 
the coefficients B. 


The second part will involve all products of the form AB. 
Performing the integrations, putting a^cx and h = cy. 


W=A‘~j + A‘ 
a 4: ^ 




Itt 1 

« 4 « 4 2* 

6 4 r.o * 6 4 2“ 


+ i [1 - 4 («,•“ + y») + ^ + y*) + g- xY - M*" + f) - a-V (*“ +lf‘) 

+.j(^»+y«) + .4.,^y + y‘) + V*y- &c.] 

A-nV' 1 ri « . 2.3, „ , 2.3.5,, 5 , 

c TTS “ 7 2 ^ + -7 -i»y+y 2 / 

- 4a!* - 3 . 4a!*y* - ^ jify* - y* + Ac.] 

" n - 2.7.*. 

+ + (.a!* + y*) + '^a!y-&c.] 

■ ''“^7 M7 [1- ^ - 52/' ^ 2.7,‘-4:c.] 
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In this expression for the energy of the system the coefficients 
jBg, are treated as independent of A and JJ. To determine the 
nearest approach to equilibrium whicli can be obtained from a distribu- 
tion defined by this limited number of harmonics, we must make JV 
a minimum with respect to Az, A^ and 

We thus find for the values of these coefficients 


9 92 9 q 9 q 

A, - - JJ j [1 - - 2/ + -f 4- - xY + Si/ - .fee.] 

^ 3“75 


/if, = - ^ ^ ^ y” [1 - ^-Tj-V‘+ 3.1!* + — -y— xY + 5^ y* - &c.] 

9 90 q f* 4. o« 

- 4 3^77 ^ ? S-l-7 


We are now able to express the energy in tlie form 

where A and B are the charges, and/»„, p,,, and are the coefficients 
of potential, the value of which we now find to be 




TT _ 1 2’ ft’ .. «’ 

2a w 3*:6 c* 


.4.0.10 0 , - 

. + 10_ + 12 — +-^y __&e.] 


1 ,a»+ft* ,rt*+ft* „rt’‘ft' ,a' + ft'’ aW(a* + ft’) , 

'ha = 7 - i + i — — + 5 7a- - ^ --r 77 ^ 


IT 



1 2’ «'r, 12 a’ 

ir 3’ . 5 c" 7 c* 


.1 


2.3.13 a* ,„a'ft’ 

7j+12-^ 


+ 10|‘-&c] 


Note 12, Art. 151. 

On the electrical capacity of a long narrow cylinder. 

The problem of the distribution of electricity on a finite cylinder is 
still, so far as I know, in the state in which it was left by Cavendish. 
It is sometimes assumed that the electric properties of a long narrow 
cylinder may be represented, to a sufficient degree of approximation, by 
those of the ellipsoid inscribed in the cylinder. The electrical capacity 
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of the cylinder must bo greater than that of the ellipsoid, because 
the electric capacity of any figure is greater than that of any part of 
that figure. 

It is easier to state the conditions of the j^roblem than to obtain an 
exact solution. 

Let 2/ be the length of the cylinder, and let h be its radius. 

Let the axis of the cylinder be the axis of x, and lot the origin be 
taken at the middle point of the axis. Let y be the distance of any 
point from the axis. 

Let \dx be the quantity of electricity on that part of the curved 
surface of the cylinder for which x is between x and x + dx\ we may 
call A. the linear density of the electricity on the cylinder. 

Let or be the surface-density on the flat ends. 

Lot ^ be the potential at a point on the axis for which x — ^, 

fy[i(-!>:y + lT^dx + + 

+ jj^cT2/[{U$y + yT^cli/, ( 1 ) 

the first integral representing the i)art of the potential due to the curved 
surface, and the other two the parts due to the 2 )ositive and the negative 
flat ends respectively. 

The condition of equilibrium of the electricity is that \lf must bo 
constant for all points within the cylinder, and therefore for all points 
on the axis between the two ends. 

If, by giving proper values to X and cr, we can make the value of if/ 
constant for any finite length along the axis, then, by Art. 144 of 
“Electricity and Magnetism/' ij/ will be constant for all points within 
the surface of the cylinder. 

It was shown in Note 2 that the distribution of electricity in equi- 
librium on a straight line without breadth is a uniform one. We may 
expect, therefore, that the distribution on a cylinder will approximate 
to uniformity as the radius of the cylinder diminishes. 

If wo suppose X and cr to be each of them constant, 

^ X log + 2^0- (/. +/, - 21), (2) 

Vlicre and ^ are the distances of the point (^) on the axis from the 
edges of the curved surface at the + and - ends of the cylinder respect- 
ively. 

Just within the positive flat end of the cylinder, where f is just 
less than I, 




( 3 ) 
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If the electricity wore in equilibrium, this would be zero, and if the 
cylinder is so long that we myy neglect the reciprocal of/^, we find 

\=27rh(T, (4) 

or the surface-density on the end must be equal to the surface-density on 
the curved surface. 

The whole charge is therefore 

(5) 

The greatest value of the potential is at the middle of the axis, where 
f 0. Calling it and putting y* -- 1, 

+ (C) 


The potential at the end of. the axis is 

•f'm = ^ 0 ■ 

The potential at the curved edge is approximately 

This is the smallest value of the potential for any point of the 
cylinder. 

The capacity of the cylinder cannot therefore be less than 




21 b 

21og.^+^ 


( 9 ) 


nor greater than 


f(.) 


, il 2 
log-^-4.- 


( 10 ) 


Cavendish docs not take into account the flat ends of the cylinder, 
but in other respects these limits are the same as those between which 
he shows that the capacity must lie. The aj^proximation, however, is by 
no means a close one, for when the cylinder is very narrow the upper 
limit is nearly double the lower. Indeed Cavendish, in Arts. 479, 
682, has recourse to experiment to determine the best form of the 
logarithmic expression. • 

We may obtain a much closer approximation by the following method, 
which is applicable to many cases in which we cannot obtain a complete 
solution. 

Let 7F be the potential energy of any arbitrary distribution of elec- 
tricity on a body of any form 

( 11 ) 
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where e is the charge of any clement of the body, and if/ the potential at 
that element. 


The charge is 

^=2(4 

(12) 

Lot ns now suppose the electricity to become moveable and to dis- 
tribute itself so as to be in ecpiilibrium. The potential will then be 
uniform. Let its value be and since the charge remains the same the 

2 )otential energy of the electrification in the state of equilibrium will be 

11 

(13) 

If Kq is the capacity of the conductor. 


tf 

II 

(U) 

and ^ • 

'' 0 

(15) 


Since W, the potential energy due to any arbitrary distribution of 
the clijirgo, may be greater, but cannot be less than the energy of 
the same charge when in cqiiilibnum, the capacity may be greater, but 
cannot be less, than 

■ (16) 


This inferior limit of the capacity is greater than that derived from 
the maxiimini value of the potential, and, as we shall see, sometimes 
gives a very close approximation to the true capacity. 


In the case of tlic cylinder, if we suppose \ to be uniform, and 
neglect the electrification of the flat ends 

E = 2\l, W^2XH (log y - 1) , (17) 




1 1 
log r - 1 


(18) 


When the length of the cylinder is more than 100 times the diameter 
this value of the capacity is sufficiently exact for all practical purposes. 
The capacity of the inscribed ellipsoid is 

I 



To obtain a closer approximation let us suppose that the linear 
density A. is expressed in the form \ + + <fec. + X^, the general term 

being 






where P_ is the zonal harmonic of order n. 


( 19 ) 
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If we consider a line of length 2^ on which there is a distribution of 
electricity according to this law, and if aruiy^ are the distances of a 
given point from the ends of the line, and if we write 

, = ^ = (20) 


then the potential, at the given point (a, yS),' due to the distribution 

(21) 

where is the same zonal hannonic as in equation (10), and is the 
corresponding zonal harmonic of tlie second kind*, and is of the form 

<3.{“)-^^(“)log“^J+A’a, (22) 


where (a) is a rational function of a of - 1 degrees, and is such tliat 
(tt) vanishes when a is infinite. The values of the first four har- 
monics of the second kind are 


<?»(“)= ifg^ J . 

<?.{a)^alog;-ll-2, 




a’’ + 


a. 


(23) 


111 applying these results to the determination of the potential at 
any point of the axis of the cylinder we must reincmber that a point 
oil the axis is <it the distance b from any one of the gemsrating lines of 
the cylinder, and therefore the potential at any point on tlie axis is the 
same as if the whole charge had been collected on one generating line. 


Hence at the point on the axis for which a; — if we write 
L = log — + log j - , 


(24) 


the potential due to the distribution whose linear density is 

A ^A.r 


(25) 


IS 


“ "V/L 2.2 2.3.3 2.3.4. 4 ’ 


approximately, provided ^ is between ± L 

* See Ferrers’ Sjfherical Uannmics^ chap. v. 
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Thus, if 


tlicu 



( 27 ) 


( 28 ) 


'.riieso values of the potential are calculated for tlio axis of the 
cylinder. The l otciitial at the curved surface may be found from that 
at the axis by remembering that within the cylinder At a 

distance b I’rom the axis the potential is therefore 


r/‘*V 


f/V 




( 29 ) 


where the values of if/ and its derivatives are those at the axis. 


For a uniform distribution 


de 






( 30 ) 


which is approximately — when f = and when ^ 

V Jtl 

Hence, when the length of the cylinder is many times its diameter, the 
potential at the axis may be taken for that at the surface in ajiproxi- 
inations of the kind here made. 


We have next to find the integral of the product of the density info 
the potential. We may consider the product of each pair of terms by 
itself. If wo write fi for the value of L when ^ or ajiproximately 
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- 1), T 

-■ - 3 J^A J, 

A.V'A SK'^^dx = -\A„AJ., v -) 

=.-SAJJ, 

/W«= ^ 

The charge Ls 

l!; = J\dx=2AJ, (;U5) 

Detenu ii ling ^'l^^so as to make + ^ miniminn, we tiiul 

A __ 1» -f 2 ^ 

^^2 "■ d"*o / _ 1 O I » 


iuiil \v(3 ubtiiiii a, suc(jnd approximation to K, 

I 


8-1-sa 


V - \y.} 


(31) 


This approximation is evidently of little use unless the huigth of tlio 
c}^linder considerably exceeds 7'2i5 times its diaineUM*, for this ratio 
makes the second term of the denominator infinite. It shows, however, 
that when the ratio of the length to the diameter is very great, the true 
capacity a])proxiinates to tlie value of /r„ given in (18). 

We may proceed in the same way to determine A,^ and so that 

KK + K + K) (t, + i> + f ,) dx 

shall bo a minimum, and we thus find a third approximation to the 
value of the capacity, in which 


o _ ;3 a 7 ;j u _ ^ r» 7 

A _ r. A ^ (TSO A « J ^ i 0 

"* 2 /tt 1 0 1\ Aj 45 >"^^4 :5 0^0 At 1 01 \ A» _ 

~~ Ti 0“ ) ” 1 li « 0 / - 1 i) (J “ a 0 / i -.j (i 07 ~ 

SO that when ^ is very large the distribution approximates to 




1 + ^ 7 /q _ 2 - - ^ 

i‘ > 7 _ 


4 5 > 
1 0 o' 


The value of the inferior limit of the capacity, as given by tliis 
aiiproxirnation is 

I 

o 1 . T . 

8 - 1 - TTir - wff (g _ 1J./) [(8 _ i,o^i)(8 - «»s^) - i^Ar] 

As 8 increases^ K ajiproaches to the value found by the fu st approxi- 
mation. 
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To indicate the degree of approximation, the value of g and of the 
successive terais of the denominator arc given below. 


1 

h' 

£. 

Denominator of (34) and (35) 

term. 2"'* term. 3”l term. 

10 

3 *08888 

2*68888-0.43151 

20 

4*38203 

3*38203-0*13080 

30 

4*78749 

3*78749 - 0*09775 

50 

5*29832 

4*29832-0*07191 

100 

5*99140 

4*99140 - 0*05291 - 0*13500 

1000 

8*29405 

7*29405 - 0*02818 - 0*00892 


The observed capacities of Cavendish’s cylinders may be deduced 
from the numbers given in Art. 281 by taking the capacity of the globe 
of 12*1 inches diameter equal to 6*05, and their capacities as calculated 
by the formula of this note are given in the following table. 


cngtli. 

Diameter. 

Capacity by formula. 

As measured by 
Cavendish. 

72 

•185 

5*068 

5*669 

54-2 

*73 

5*775 

5*754 

35-9 

2*53 

5*907 

6*044 


The agreement of the calculated and measured values is remarkable. 


Note 13, Arts. If) 2, 280. 


Two cylinders. 

In the case of two equal and paralltd cylinders at distance c, the 
linear densities being uniform and equal to A, and A^, the part of the 
potential energy arising from their mutual action is 

where r* — 4^® + c®. 


If the two cylinders are in electric communication with each other 
Xj = Ag, and the capacity of the two cylinders together is approximately 

n 


log -[ -\ + log 


'+'11 



If a c;^linder is placed at a distance d from a conducting plane siir- 
face and parallel to it, then the electric image of the cylinder will bo 
at a distance c = 2f/, and its charge will be negative, so that the capacity 
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of the cyliiidcr will be increased. The capacity of the cylinder in 
presence of a conducting plane at distance Jc, is 


I 



- 1 - log 


r4-2^ 

c 




r - c' 


Thus in Cavendish's experiment he used a brass wire 72 inches 
long and 0*185 in diameter. The ca]mcity of this wire at a great dis- 
tance from any other body would be 5*668 inches. Cavendish placed it 
horizontally 50 inches from the floor. The inductive action of the floor 
would increase its capacity to 5*994 inches; Cavendish, by comparison 
with his globe, makes it 5*844. 

To compare with this he had two wires each 36 inches long and 
0*1 inch diameter. 

The capacity of one of these at a distance from any other body 
would bo 2*8697 inches, or the two together would be 5*7394 inches. 

The two wires were placed parallel and horizontal at 50 inches from 
the floor. Each wire was therefore influenced by the other wire, and 
also by the negative images of itself and the otlier wire. 


The denominator of the fraction expressing the capacity is therefore 


Distance. 

18 

24 

36 


Wire Other Own Otlier 

itself. wire. imago. imago. 

6*2724 -f 9*8256 - 0*1759 ~ 0*1754 = 6*7467 
6*2724 + 0*6596 - 0*1759 - 0*17.33 = 6*5828 
6*2724 + 0*4672 - 0*1759 - 0*1678 - 6*3955 


The numerator of the fraction wliich expresses the capacity of both 
wires together is 36, so that the capacity of the two is 


At 18 inches 

5*334 

From Cavendish’s 
results. 

4*967 

24 

5*469 

5*026 

36 

5'629 

5*277 

Wire of 72 inches 

5*994 

5*844 


Note 14, Art. 155. 

Lemma XVI, 

If we suppose the plate AB to be overcharged and the plate I)F to 
be equally undercharged, the redundant fluid in any element of All 
being numerically equal to the defleient fluid in the corresponding 
element of DI\ then what Cavendish calls the repulsion on the column 
CB in oj^posito directions becomes in modern language the excess of the 
potential at G over that at B, Hence the object of the Lemma is to 
determine approximately the difference of the potentials of two curved 
plates when their equal and opposite chaiges are given, and to deduce, 
tlieir charges when the difference of their potentials is given. 

M. 26 
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Note 15, Art. 1G9. 

On the Theory of Dielectrics, 

Cavendish explains the fact discovered by him, that the charge 
of a coated glass plate is much greater than that of a plate of air of the 
same dimensions, by supposing that in certain portions of the glass 
the electric fluid is free to move, while in the rest of the glass it is 
fixed. 

Probably for the sake of being able to apply his mathematical 
theorems, he takes the case in which the conducting parts of the glass 
are in tlie form of strata parallel to the surfaces of the glass, lie is 
perfectly aware that this is not a true physical theory, for if siuh 
conducting strata existed in a plate of glass, they would make it a good 
conductor for an electric current parallel to its surfaces. As this is not 
the case, Cavendish is obliged to stipulate, as in this proposition, that 
the conducting strata conduct freely perpendicularly to their surfaces, 
but do not conduct in directions parallel to their surfaces. 

The idea of some peculiar structui'e in plates of ghiss was not pecu- 
liar to Cavendish. Pranklin had shewn that the surface of glass ])lates 
could be charged with a large quantity of electricity, and therefore sup- 
posed that the electric fluid was able to penetrate to a certain depth 
into the glass, though it was not able to get through to the other side, 
or to effect a junction with the negative charge on the other side of 
the plate. 

The most obvious explanation of this was by supposing that there 
was a stratum of a certain thickness on each side of the plate into which 
electricity can penetrate, but that in the middle of the plate theie 
was a stratum impervious to electricity. Prankliti endeavoured to 
test this hypothesis by grinding away five-sixths of the thickness of 
the glass from the side of one of his vials, but he found that the 
remaining sixth was just as impervious to electricity as the rest of 
the glass*. 

It was probably for reasons of this kind, as well as to ensure that 
his thin jdates were of the same material as his thick ones, that Caven- 
dish prepared his thin plate of crown glass by grinding equal portions off 
both sides of a thicker 2 )lato. [Art. 378.] 

It a])pears, however, from the experiments, that the proportion of 
the thickness of the conducting to the non-conducting strata is the 
(Same for the thin plates as the thick ones, so that the operation of 
grinding must have removed non-conducting portions as well as con- 
ducting ones, and we cannot sujqjose the plate to consist of one 
non-conducting stratum with a conducting stratum on each side, but 
must suppose that the conducting portions of the glass are very small, 
but so numerous that they form a considerable part of the whole 

* Franklin’s Works, 2nd Edition, Vol. i. p. 301, Letter to Dr Lining, March 
1755. 
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volume of the glass. If we suppose the conducting portions to be of 
small dimensions in every direction, and to be complctcdy separated 
from each other by non-conducting matter, we can explain the phe- 
nomena without introducing the possibility of conduction through finite 
]';ortions of glass. 

It was probably because Cavendish had made out the mathematical 
theory of stratified condensers, but did not see his way to a com})letc 
mathematical theory of insulating media, in which small conducting 
portions are disseminated, that he here expounds the theory of strata 
which conduct electricity jierpendicularly to their surfaces but not 
l)arallol to them. 

Ill forming a theoiy of the magnetization of iron, Poisson was led to 
the hypothesis that the magnetic fluids arc free to move within certain 
small j)ortions of the iron, which he calls magnetic molecules, but that 
tliey cannot pass from one molecule to another, and he calculates 
tlic result on the suj)position that these molecules are spherical, and 
that their distances from each other are large compared with their 
radii. 

When Faraday had afterwards I'cdiscovered the properties of die- 
lectrics, Mossotti, noticing the analogy between these properties and 
those of magnetic substances, constructed a mathematical theory of die- 
lectrics, by taking Poisson^s memoir and substituting electrical terms for 
magnetic, and Italian for French, througliout. 

A tlicory of this kind is capable of accounting for the specific in- 
ductive capacity being grcatc;r than unity, without introducing con- 
ductivity through portions of the substance of sensible size. 

Another phenomenon which we have to account for is that of the 
residual charge of condensei’s, and what Faraday called electric ab- 
sorption. The only notice which Cavendish has left us of a pheno- 
menon of this kind is that recorded in Arts. 522, 523, in which it 
.‘i])pearcd “that a Florence flask contained more electricity when it 
continued charged a good while than when charged and discharged 
immediately.^^ 

To illustrate this phenomenon, I gave in “Electricity and Mag- 
netism,*’ Art. 328, a theory of a dielectric composed of stratii of difibrent 
dielectric and conducting properties. 

Professor Howland has since shown* that phenomena of the same 
kind would be observed if the medium consisted of small portions of 
diflerent kinds well mingled together, though the individual portions 
may be too small to bo observed separately. , 

It follows from the property of elective absorption that in experi- 
ments to determine the specific inductive capacity of a substance, the 
result depends on the time during which the substance is electrified. 
Hence most of those who have attemi)tcd to determine the value 
of this quantity for glass have obtained results so inconsistent with 

* American Journal of MathematicHf No. I. 1878, p. 53. 

20—2 
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each other as to be of no use. It is absolutely necessary, in working 
with glass, to perform the experiment as quickly as possible. 

Cavendish does not give the exact duration of one of his “ trials,” 
but each trial probably took less than two or three seconds. His 
results arc therefore comparable witli those recently obtained by Hop*. 
kinson*, who effected the different operations by hand. 

The results obtained by Gordon t, who employed a break which 
gave 1200 interruptions per second, and those obtained by Schiller J 
by measuring the period of electiic oscillations, which were at the 
rate of about 14000 per second, are much smaller than those obtained 
by Cavendish and by Hopkinson. 

Hopkinson finds that the quotient of the specific inductive capacity 
divided by the specific gravity does not vary much in difterent kinds of 
flint glass. As Cavendish always gives the specific gravity, I liavc 
compared his results with those of Hopkinson for glass of corresponding 
specific gi-avity. 


Ekctrostatic capacity of glass. 



Specific 

gravity. 

Caven- 

dish. 

khison. WiiUnor. Gordon. 

Schiller. 

Flint-glass 

3-279 

7-93 



Do., a thinner piece 
Light flint 

3-284 

3-2 

7-65 

6-85 3-013 

2-96 

Denso flint 

3-66 


7-4 3054 

3-G6 

Double extra-dense flint 

4*5 


10*1 3164 


Very light flint 

2-87 


6-57 

5-83 

Plate-glass 

2-8 

8 

6-10 

6-43 

Crown-glass 

2-53 

8-6 

3-108 



Note 16, Art. 185. 

Mutual Influence op two Condensers. 

To find the effect on the capacity of a condenser arising from thr 
presence of another condenser at a distance ivhich is large compared with 
the dimensions of either condenser. 

•• Let A and B be the electrodes of the first condenser, let L and N 
be the capacities of A and B respectively, and M their coefficient of 
mutual induction, then if the potential of A is 1 and that of B is 0, 
the charge of A will be L and that of B will be J/, and if both A 
and B are at potential 1 the charge of the whole will be A + 2il/+ Ni 

* Proceedings of the Royal Society^ June 14, 1877 ; Phil. Tram., 1878, Part I.» 

p. 17. 

t Proc. n. S. Dec. 12, 1878. J Pogg. Ann. 152 (1871), p. 635. 
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and this cannot be greater than half the greatest diameter of the 
condenser. 

Let a and h be the electrodes of the second condenser, let its 
coefficients be Z, w, and let its distance from their first condenser 
be It 

Let us first take the condenser ABh^ itself, and let us suppose that 
the potentials of A and B are x and y respectively, then their charges 
will be Lx + My and Mx + Ny respectively. 

At a distance R from the condenser the potential arising from 
these charges will be 

\Lx + M(x + y) + Ny\ R~^ — P, 

and if the second condenser, whose capacity when its electrodes are in 
contact is I 2m + ri, is placed at a distance R from the first and 
connected to earth, its charge will be 

-P{U2m + n)=^Q. 

This charge of the second condenser will produce a potential QR""^ 
at a distance R, and will therefore alter the i)otential8 of A and B by 
this quantity, so that the potentials of A and B will be a? + QR~^ and 
y->fQR~^ respectively. 

To find the capacity of A as altered by the presence of the second 
condenser, we must make the potential of .d = 1 and that of ^ = 0, 
wliich gives 

03- {Lx + M(x + y)-\-Ny}{l^' +• = 1, 

2 / - {Lx + M{X'\-y)^ Ay} (/ + 27yi + n) A"® = 0. 
oj-y+l, 

y=.{L + M+{L + 2M + N) y] {I + 2m + 7i) R-\ 

{L + M)(U2m + n)R-^ 
y - i"r(Z + ‘iM+N) {I + im + n) R-^ ’ 

and the capacity of ^ is Zo3 + d/y or A + (iS + M) y, or 
L/i.ij - ^ ^ 2il/ + JV){l + 27n + n) ’ 


ITence 

and 

or 


The charge of B is 3fx + Ay or 3f + ( J/ + A) y, or 




(L 4- 3£)(M+ A) (I + 2m + n)_ 
R^ - \L + 2A + A) 2m 'in) * 


The charges of a and h are — + m) P and — {in 4- P respect- 
ively, or 

, R(L + M){Um) 

\Au\ - _^:-2M+JVj(i + 2m +n) 

rif,l R(L + M)(m + n) 

L^oj — + 2i¥+ + 2 ot+ n) ' 
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In these expressions we must remember that M is a negative 
quantity, that L + M and N can neither of them bo negative, 
and that their sum Z + cannot be greater than the largest 

semidiametei* of the condenser. Hence if R is large compared witli 
the dimensions of tlie condcnisers, the second term of the values of* 
[/L4] and [-47/] will be quite insensible, and even if the condensers 
arc placed very near together these terms will be small compared with 
Z, i/, or N. 


If rt, instead' of being part of a condenser, is a conductor at a con- 
siderable distance from any other conductor, we may put m -- n = 0, aiul 
if A is also a simple conductor, 0, and avc find 






RLl 

E^-LV 


by which the capacities and mutual induction of two sim])le con- 
ductors at a distance R can be calculated when we know their 
capacities wlien at a great distance from other conductors. 8ee 
Note 24. 


Note 17, Art. 191. 


Theory of the Exjierlnieut loith the Trial Plate. 

lict A and B be the inner, a and h the outer coatings of the 
licydeii jars. 

Let C be the body ti-ied and J) the trial jdate, M tho wire con- 
necting A with C, and N the wire connecting h with D, 

Let E be the electrometer Avith its connecting wires. 

Lot the coeftioients of induction be expressed by pairs of symbols 
within square brackets, thus, let [(^4 + C) {0 Z>)] denote the sum of 

the charges of A and C when G and 7) are both raised to potential 1 
and all the other conductors are at potential 0. 

First Operation. — The insides of the two jars are charged to poten- 
tial 7 '*q, the outsides and all other bodies being at potential 0. 

The charge of A is \A (A + ^)]7’o> ^ + -^)] 

Second Operation. — The outside coating of d is insulated, the charg- 
ing Avire is removed, and the inside of Z is connected to earth. Tin? 
chiirges of A and of d remain as before. 

Third Operation . — A is connected to (7 by tho wire M, and b is 
connected to 7> by the Avirc iV. 
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The charge of A is coramTinicatcd to A ^ (7, and Jf, and the potential 
of tliis system is , and the charge of h is communicated to 6, D and 
JV, and the potential of tliis system is P^, 

Hence we have the following equations to determine P^ and P^ in 
terms of P^, 

[{A + G + Ar) {A + 0 + M)] P, [(.4 + (7 + M) (6 + 7 ) + N)] P, 

r-[A{A+Ji)]P„ ( 1 ) 

[(vi + 0 + AT) {b + n + i\' )] r, + [(i + j) + if)(b + n + jv)] i\ 

=-[6(4 + 7y)]/V (2) 

Fourth Operation. — The wires M and N are disconnected from 
C and 1) respectively, and the jars A and h are discharged and kept 
coiinected to earth. 

The charges of G and D remain the same as before. 

Fifth Operation. — The bodies C and 1) are connected with each 
other and with the electromotor JCy and the final potential of the system 
GDE is observed by the elcctrouuder to be 

Eipiating the final charge of the system CPE to that of the system 
CP at the end of the fourth equation, 

[{G -I- P + E) ((7 /> + E)] P^ - [{C + P) (A -1- G + M)] P, 

-\-[(G + P){b + P + E)]P.,. (3) 

Eliminating P^ and P^ from equations (1), (2) and (3), 

P, [{C + P -I- Ef] {[(d 4- G iMf] [{b + P + Nf] 

-[{A + G-\-M){b-\-P + E)Y} 

{[A (A 77)1 \\{G + P) (A -I- G + M)] [{b P + lYf] . 

= -[(6'+/;)(6 + 7> + 7\0J[(^+6’ + J/)(6 + i9H-iV^)]} 

" + [/>(.4 + Ji )] {[(C 1- m {b\-jj + i\o][Gi I- c + J/)=] f ' ^ ' 

^ - [(C'+ J)) (A + G + J/)] [(^1 + C + J7) (6 + 7> + TV)]}' 

By moans of his gauge electrometer. Art. 249, Cavendish made the 
value of 7^j, the same in every trial, and altered the capacity of P, the 
trial plate, so that P.^ in one trial had a particular positive value, 
and in another an equal negative value. Ho then wrote down the 
dilference of the two values oi P as an indication to guide him in the 
choice of trial plates, and the sum of the two values, by means of which 
he compared the charges of diflerent bodies. 

• 

He then substituted for G a body, G\ of nearly equal capacity, and 
repeated the same operations, and finally deduced the ratio of G to 6" 
from the equation 

G : G' :: 7), +7), ; 7>/ + 7);. 

The capacities of the two jars were very much greater than any of 
the other capacities or coeflicients of induction in the experiment, and 
of these [6 (7f + 6)] was less than half the greatest diameter of the second 
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jar, and may therefore be neglected in respect of [6®] or \Bh\ We may 
therefore put [i56] and in equation (4) neglect all terms except 

those containing the factors [-4®] or [-4®] [Bb], 

We thus reduce equation (4) to the form 
7^3 [{C + J) + Fy] = {[(C +I)) {A-\-G + M)] - [(C + /)) (6 + Z> + N)]} 

= A {[01 + [0 + M)] ^[G(b + J^)] 

- [IP] - [D (b + iV^)] 4- [7> (^ + il/)]}. (5) 

The bodies to be compared were either simple conductors, such as 
spheres, disks, squares and cylindei*s, and those trial j)lates which con- 
sisted of two conducting plates sliding on one another, or else coated 
plates or condensers. 

Now the coefficient of induction between a coated plate and a 
simple conductor is much less than that between two simple conductors 
of the same capacity at the same distance, and the coeincient of induc- 
tion between two coated plates is still smaller. See Note IG. 

Hence if both the bodies tried arc coated ^dates, the equation (5) is 
reduced to the form 

A i[0‘] + [/>T + m ) = - m, (6) 

so that the experiment is really a comparison of the ca])aciiies of the 
two bodies 0 and 1). 

But if cither of them is a simple conductor, we must add to its 
capacity its coefficient of induction on the wire and jar with which it is 
connected, and subtract from it its coefficient of induction on the other 
wire and jar. These two coefficients of induction are both negative, 
but that belonging to its own wire and jar is probably greater than the 
other, so that the correction on the whole is negative. 

Hence in Cavendish’s trials the capacity deduced from the experi- 
ment will be less for a sim 2 )lc conductor than for a coated plate of 
e(j[ual real cai)acity. 

This appears to be the reason why the capacities of the plates of air 
when expressed in “ globular inches,” that is, when compared with the 
capacity of the globe, are about a tenth part greater than their com- 
puted values. See Art. 347. 

It would have been an improvement if Cavendish, instead of charg- 
ing the inside of both jars positively and then discharging the outside 
ot^, had charged the insides of A and the outside of B from the same 
conductor, and then connected the outside of both to earth, using tlie 
inside of B instead of the outside, to charge the trial i)late negatively. 
In this way the excess of the negative electricity over the positive in B 
would have been much less than when the outside was negative. 

With a heterostatic electrometer, such as those of Bohnenberger or 
Thomson, in which* opposite deflections are produced by positive and 
negative electrification, the detennination of the zero electrification may 
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be made more accurately than any other, and with such an electrometer 

should bo adjusted to zero. But the ouly electrometer which Caven- 
dish possessed was the pitli ball electrometer, in which the repulsion 
between the balls when at any given distance depends on the square 
of the electrification, and in which therefore the indications are very 
feeble for low degrees of electrification. Cavendish therefore first ad- 
justed his trial plate so as to produce a given amount of separation of 
the balls by positive electrification, and then altered the trial plate so as 
to produce an equal separation by negative electrification. In each case 
he has recorded a number expressing the side of a square electrically 
o(pii valent to the trial plate, together with the difference and the mean 
of the two values. 

He seems to have ado])tcd the arithmetical mean as a measure of 
the charge of the body to be tried. It is easy to see, however, that the 
geometrical mean would be a more accurate value. Foi*, if we denote 
the values of the final j)otential of the trial plate by accented letters in 
the second trial, we have 

p: im + m + m = a im - m)- (■) 

Since -0, we find by (G) and (7) 

[(7^] ([6-] + [A^) = [/rj [i>-] + 1 [E^] ([/)T + [//»]). 

If wo neglect the ca])acity of the pith ball electrometer, which is 
much less than that of the bodies usually tried, this equation becomes 

or the cai)acity of the body tried is the geometrical mean of the capaci- 
ties of the trial-plate in its positive and negative adjustments. 


Note 18, Aut. 210. 

On the “ Thoughts Concerning Electricity ^ and on an early draft of 
the Propositions in Electricity, 

The theory of electricity sketched in the “Thoughts” is evidently 
an earlier form of that develo]»ed in the published paper of 1771. Wo 
must therefore consider the “Thoughts” as tlie first recorded form of 
Cavendish’s theory, and this for the following reasons. 

(1) Nothing is said in the “Thoughts” of the forc(‘S exerted by 
ordinary matter on itself and on the electric fluuh TJkj only agent 
considered is the electric fluid itself, the particles of which are sup- 
posed to repel each other. This fluid is supposed to exist in all bodies 
whether apparently electrified or not, but when the quantity of the fluid 
in any body is great€'T than a certain value, called the natural quantity 
for the body, the body is said to be overchargiMl, and when the (quantity 
is less than the natural quantity the body is said to be undercharged. 
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The forces exerted by undercharged bodies are ascribed, not, as in 
the later theory, to the redundant matter in the body, but to the 
repulsion of the fluid in other parts of ispace. 

The theory is therefore simpler than in its final form, but it tacitly 
assumes that the fluid could exist in stable equilibrium if spread with 
uniform density over all space, whereas it appears from the investiga- 
tions of Cavendish himself that a fluid whose particles repel each other 
with a force inversely as any power of the distance less than the cube 
would be in unstable equilibrium if its density were uniform. 

This objection does not apjdy to the later form of the theory, for in 
it the equilibrium of the electric fluid in a saturated body is rendered 
stable by the attraction exerted by the fixed particles of ordinary matter 
on those of the electric fluid. 

(2) The hypotlieses are reduced in the later theory to one, and the 
third and fourth liypotheses of the “ Thoughts ” are deduced from this. 

(3) Tn the ‘‘Thoughts” Cavendish appears to be acquainted only 
with those j)licnomeua of el(>ctricity which can bo observed without 
quantitative experiments. Some of his remarks, especially those on the 
s])a!-k, he rojjeats in the pa]>cr of 1771, but in that i)aper (Art. 95) he 
refers to certain quantitative experiments, the particulars of wliich are 
now first published [Art. 205]. 

The Thoughts,” however, though Cavendish himself would have 
considered them entirely superseded by the paper of 1771, have a 
sciet»tific interest of their own, as showing the imth by whicli Cavendish 
arrived at his final theory. 

He begins by getting rid of the electric atmospheres which were 
still clinging to electrified bodies, and he aj>poars to liave done this so 
completely that he docs iiot think it worth wliile even to mention tlicm 
in the paper of 1771. 

He then introduces the phrase “degi^cc of electrification ” and gives 
a quantitative definition to it, so that this, the leading idea of his whole 
research, was fully developed at the early date of the “ IMioughts.” 

Several expressions w'hich Cavendish freely used in his own notes 
ami journals, but which he avoided in his printed papers, occur in the 
“ Thoughts.’^ 

Thus he sjieaks of the “compression” or pressure of the electric fluid. 

Besides the “Thoughts,” which may bo considered as the original 
form of the introduction to the paper of 1771, there is a mathematical 
l)RI)er corresponding to the Propositions and Lemmata of the published 
paper, but following the earlier foriri of the theory, in wliich the forces 
(exerted by ordinary matter ai’e not considered, and referring directly to 
the “ Hypotheses ” of the “ Thoughts.” 

The first part of this paper is carefully written out, but it gradually 
J)ecomes more and. more unfinished, and at last terminates abruptly, 
though, as this occurs at the end of a page, w-^e may suppose tliat the 
end of the paper has been lost. I think it probable, however, that when 
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Cavendish had advanced so far, ho was beginning to see his way to the 
form of the theory which he finally published, and that he did not care 
to finish the inanuscript of the imperfect theory. 

The general theory of fluids repelling according to any inverse power 
of the distance is given much more fully than in the paper of 1771, and 
the remarks on the constitution of air are very, interesting. 

1 have therefore printed this paper, but in order to avoid interrupting 
the reader with a repetition of much of what he has already seen, I have 
placed it at the end of this Note. 



Cavendish’s First Mathematical Theory*. 

Let a fluid whose particles mutually rej)el each other be spread 
uniformly through infinite space. Let a be a 
particle of that fluid; draw the cone ha^ con- 
tinued infinitely, and draw the section : if 
the repulsion of the particles is invei*scly as any 
higher i)ower of the distance than the cube, the 
particle a will be repelled with infinitely more 

force from the i)artic]es between a and bp than from all those situateil 
beyond it, but if their repulsion is inversely as any less power than the 
cube, then the repulsion of the particles placed beyond hp is infinitely 
greater than that of those between a and 6j8. 

If the rej)ulsioii of the particles is inversely as the n power of the 
distance, n being greater than 3, it would constitute an elastic fluid of 
the same nature as air, excef)t that its elasticity would be inversely as 
the 7^ + 2 power of the distance of the particles, or directly as the 
4- 2 

^ - power of the density of the fluid, 
o 

13ut if 7^ is equal to, or loss than 3, it will form a fluid of a very 
dilfcreiit kind from air, as will appear from what follows. 

Cor. 1. Let a fluid of the above-mentioned kind be spread uni- 
formly through infinite space except in the 
hollow globe BBE, and let the sides of the globe 
b(! so thin that the force with which a particle 
placcMl contiguous to the sides of the globe would 
be repelled by so much of the fluid as might be 
lodged witliin the space occupietl by the sides of 
the globe should bo trifling in respect of the 
repulsion of the whole quantity of fluid in the 
globe. 

If the fluid within the globe was of the 
same density as without, the particles of the 
fluid adjacent to cither the inside or outside 
surface of the globe would not press against those surfiices with any 
sensible force, as they would be repelled Avith the same force by the 
fluid on each side of them. But if the fluid within the globe is denser 
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than that without, then any particle adjacent to the inside surface of 
tlie globe will be pressed against by the repulsion of so much of the 
fluid within the globe as exceeds what would be contained in the same 
space if it was of the same density as without, and consequently will 
be greater if the globe be large than if it be small. Consequently the 
pi’essure against a given quantity (a square inch for examjde) of the 
inside surface of the globe will be greater if the globe is large than if it 
is small. 

Tf the particles of the fluid repel each other with a force inversely 
as their distance, the pressure against a given quantity of the inside 
surface would be as the square of the diameter of the globe. So that 
it is plain that air cannot consist of particles repelling each other in the 
above-mentioned m aimer. 

If the rejuilsion of the particles was inversely as some higher 
power of the distance than the cube, then .any particle of the fluid 
would not be sensibly allected except by the repulsion of those particles 
which were almost close to it, so that the pressure of the fluid ag.ainst 
a given qiuuitity of the inside surface would be the same whatever was 
the size of the globe, but then the elasticity [would] be in a greater 
proportion than that of the § power of the density. 

If the repulsion of the particles is inversely as some less power 
than the cube of the distance, and the density of the fluid within the 
globe is less than it is without, then the particles on the outside of the 
globe will press against it, and the force will be greater if the globe is 
large than if it be small. 

If the density of the fluid within the globe be greater than without, 
then the density will not be the same in all parts of the globe, but will 
be greater near the surface .and less near the middle, for if you sui)pos0 
the density to be everywhere the same, then .any particle of the fluid, as 
dy would be pressed with more force towards a, the neai*cst part of the 
surface of the sphere, than it would [be] in the contrary direction. 

If the repulsion of the particles is inversely as the square of the 
distance, I think the inside of the sphere would be uniformly coated 
with the fluid to a certain thickness, in which the density would be 
infinite, or the particles would be pressed close together, and in all the 
space within that, the density would be the same as on the outside of 
tlic sphere. 

The pressure of a particle adjacent to the inside surface .against it is 
equal to the repulsion of all the redundant matter in the sphere col- 
lected in the center, and the force with which a particle is pressed 
towards the surface of the spliere diminishes in arithmetical progression 
in going from the inside surface to that point at wJiich its density 
begins to be the same as without, therefore the whole pressure against 
the inside of the sphere is equal to that of half the redundant matter in 
the sphere pressed by the repulsion of all the redundant matter col- 
lected in the center of the sphere. 

Therefore, if the quantity of fluid in the sphere is such that its 
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density, if uniform, would be 1 + r/, and the radius of the sphere be 
called r, the whole pressure against the inside surface will be as 
i1^ (h^ 

2 

will be as e^r^. 


X - a , and the pressure against a given space of the inside surface 

T 


JP 

If this pressure be called P, d is as - ~ , arid dr^ is as r® JP. Con- 
sequently, supposing the fluid to be juunped into diirercnt sized globes, 
the quantity of fluid pumped in will be as the scpiare root [of the 
force] with which it is pumped, multiplied by the square of the diameter 
of the globe. 


If the density within the sphere is loss than without, then the 
density within the sphere will not be uniform, biit will be greater 
towards the middle and less towards the outside, and if the repulsion of 
the particles is inversely as the square of the distance, there would be 
a sphere concentric to the hollow globe in which tJie dejisity would be 
tlie same as on the outside of the globe, and all between that and the 
inside surface of the globe would be a vacuum. 


Fi’om these corollaries it follows that if the electric fluid is of the 
nature here described, and is spread uniformly through bodies, except 
when they give signs of electricity, that then if two similar bodies of 
difterent sizes be equally electritied, the larger Irody will receive much 
less additional electricity in proi)ortion to its bulk than the smaller 
one, and moreover when a body is (dectrified, the additional elec- 
tricity will bo lodged in greater quantity near the surflice of the body 
than near the middle. 


Let us now suppose the fluid within the globe BDE to be denser 
than Avithout, and let us consider [in what manner] the fluid without 
will be aflectod thereby. 

1st. There will bo a certain space surrounding the globe, as /38e, 
which will be a perfect vacuum, for first let us su]q)os(i that the density 
without the globe is uniform, then any particle would be repelled with 
more force from the globe than in the contrary direction. 

2ndly. Let us suppose that the space BJ)E is not a vacuum, 
but rarer than the rest of the fluid ; still a })article placed close to the 
surface of the globe would be repelled from it with more force than in 
the contrary direction. 

Srdly. Let us [suppose that] the density in the space between BDE 
and jSSc is greater than without, then according to some hypothesis of 
the law of repulsion a particle placed at B might be in equilibrium, but 
one placed at p could by no means be so. 

So that there is no way by wliich the particles can be in equilibrium, 
unless there is a vacuum all round the globe to a certain distance. How 
the density of the fluid will be affected beyond this vacuum I cannot 
exactly tell, except in the following case: — 

If the repulsion of the particles is inversedy as the square of the 
distance, there will be a perfect vacuum between BDE and y98c, and 
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beyond that the density will be perfectly iinifomi, pSe being a sphere 
concentric to BDE^ and of such a size, that if the matter in BDE was 
spread uniformly all over the sphere its density would be the same 
as beyond it. 

For any quantity of matter spread uniformly over the globe pSc or 
BDE affects a particle of matter placed without that sj^here just in the 
same manner as if the whole fluid was collected in the center of the 
sphere, so that any particle of matter placed without the sphere jSSc will 
be in perfect equilibrio. 

In like manner if the fluid within BDE is rarer than without, there 
will be a certain space surrounding the globe, as that between BDE and 
jSSc, in which the density will be infinite, or in which the particles will 
be pressed close together, and if the repulsion of the particles is in- 
versely as the s(piare of the distance, the density of tin? fluid beyond 
that will bo uniform : the diameter of )8Sc being such that if all the 
matter within it was sj)read uniformly, its density would be the same as 
without. 



Lot a fluid of the above-mentioned kind bo spread uniformly through 
infinite space except in the canal aedef of any shape whatsoever, 
except that the emls ayhh and mden are straight canals of an equal 
diameter, and of such a length that a particle ])laced at a or d shall 
not be sensibly affected by the repulsion of the matter in the part 
gcmrifh, and let there be a greater quantity of the fluid in this canal 
than in an equal space without. 

Then the density of the fluid in different parts of the canal will 
bo very different, but I imagine the density will be just the same 
at a as at d. For suppose ah and de to be joined, as in the figure, by 
a canal of an uniform diameter and regular shape, nowhere approaching 
near enough to gcmnfh to be affected by the repulsion of the particles 
within it. If the matter was not of the same density [at a and r7] 
the matter therein could not be at rest, but there would be a continual 
current through the canal, which seems highly improbable. 



CoR. Let C' be a conductor of electricity of any shape, em and fn 
wires extending from thence to a great distance. Let a and h be two 
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equal bodies placed on tlioso wires at sucli a distance from C as not to 
be sensibly affected by the electricity thereof, and let the conductor or 
wires be electrified by any part ; the quantity of electric fluid in 
the bodies a and h will not be sensibly difteront, or they will appear 
equally electrified. 

Case 1. Let the parallel planes Aa, Bb, kc., be continued infinitely. 
Let all infinite si)acc cxce])t the space 
contained between Aa and 6'c, aiul 
between Ee and ///<, bo filled ujii- 
forinly with particles repelling in- 
versely as the square of their distance; 
let the apace between Ee and Ilk be 
filled with fluid of the same density, 
the particles of which can move from 
one part to another ; and let the space 
between A a and Gc bo filled with 
matter whose density is to [that in] 
the rest of space as A D to AG. 

Take EE = IGD, and 6-7/ such that the matter between Ee and Ff 
when pressed close together, so tliat the particles touch each other, 
shall occupy the space between G(j and //A. 

The space between Ee and Ff will be a vacuum, tliat between Ff 
and (Uf of the same density as the rest of st^aco; and between Ug and 
Ilk the particles will touch one another, 

(^ase 2. Let everything be as in case the first, except that there is 
a canal opening into the plane 7/4, by which the matter in the space 
EH is at liberty to escape; part of the matter will then run out, and 
the density therein will be everywhere the same as without, except 
in the space EF, which will be a vacuum, EF being equal to GJ). 

Case 3. Suppose now that a canal opens into the jilane A a by 
which the fluid in the space AG may escape. It will have no 
tendency to do so, for the repulsion of the redundant fluid in AG 
on a particle at a will bo exactly equal to [the] want of repulsion of 
the space Ell. 

Case 4. Let now the space between A a and Gc be filled with 
matter whose density is to the rest of space as AB to A G. 

Then the space between Ilk and Gg will be a vacuum, Gil being 
equal to In the space T^V'^'the particles of matter will be pressed 

together so as to touch each other, the quantity of matter tJioreiii 
exceeding what is naturally contained in that space by as much as is 
driven out of the space GlI ; and in the sj)aco between Ff and Gg the 
matter will be of the same density us without. 

• 

Case 5. Suppose now that a canal opens into the j)lano Ilk as in 
Case 2, then will matter run into the space Ell^ and the density will be 
everywhere the same as without, except in the si)ace EF, where the 
particles will be pressed close together, the quantity of matter therein 
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exceediniv the natural quantity by as mucli as is naturally contained in 
the space BG. 

Case 6. Suppose now that a canal opens into the plane -da, the 
fluid will have no tendency to rim out thereat. 

Case 7. Let us now consider what will be the result if the repul- 
sion of the particles is inversely as some other jjower of the distance 
between that of the square and the cube; and first let us supjiose 
matters as in the first case. There will be a certain space, as Eh\ 
which will be a vacuum, and a certain space, as FG, in which the 
particles will be pressed close together, for if the matter is uniform 
in EII^ all the particles will be repelled towards // if there is not 
a vacuum at E^ nor tlie particles pressed close together at but only 
the density less at E than at //, then the repulsion of space EH at E 
will be less on [a] particle at E and greater on a particle at U than if 
the density was uniform therein, consequently on that account as well 
as .on account of the repulsion of AC a particle at E or 11 will be 
repelled towards //, but if the spaced;'/’ is a vacuum and the particles in 
GII ju’essed close together, then if the spaces EF and GlI are of a 
proper size, a i^article at F or G may be in cquilibrio. 

Case 8. If you now suppose a canal to open into the plane llh as in 
the .3rd case, some of the matter will run out thereat, so that the 
whole quantity of matter in the space Ell will be less than natural. 
For if not, it has already been shown that a particle at II will bo 
repelled from -d, but the quantity of matter which runs out will not bo 
so much as the redundant matter in ACj for if there was, the want of 
repulsion of the space Ell on a particle at h would be greater than the 
excess of repulsion of the space AC. 

Case 9. Suppose now that a canal opens into the plane -da as in 
Case 3 ; a pai-ticlc at a will be repelled from l)d, but not with so much 
force as if there had been the natural quantity of fluid in the space EH^ 
so that some of the fluid will run out at the canal, but not with so much 
force, nor will so much of the fluid run out as if there had been the 
natural quantity of fluid in EH 

Case 10. If you suppose matters to be as in the 4th case, then 
there must be a certain si)ace adjacent to Ee^ in which the particles will 
be pressed close together, and a certain space adjacent to llh in which 
there must be a vacuum. 

Case 11. If you suppose a canal to open into the plane Hh, some 
matter will run into the space EH thereby, so that the whole quantity 
of matter therein will be greater than natural. 

The proof of these two cases is exactly similar to that of the two 
former. 

Case 12. If you now suppose a canal to open into da, some fluid 
wyi run into it, but not with so much force nor in so great quan- 
tity as if the natural quantity of fluid had been contained in the 
space Hh, 

I have supposc’d the planes da, &c. to be extended infinitely, be- 
cause by that means I was enabled to solve the question accurately ^ 
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in the cases where the repulsion is supposed inversely as the square of 
the distance, which I could not have done otherwise, but it is evident 
that the phenomena will be nearly of the same kind if the pianos are 
not infinitely extended. 

For if the distance ag be small in respect of the length and breadth 
of the plane Aa^ a particle placed at a will be repelled by the 
jfiane Aa with very nearly the same force as if the plane was in- 
finitely extended. 

It is plain that these 6 last cases agree very exactly with the 
laws of electricity laid down in the 3rd and 4th hypotheses [Thoughts... 
Art. 202]. 

If the lines Bh and Dd touch one another so that 

[Here the MS. ends. Ed.] 


Note 10, Aut. 234. 

Cavendishes Experiment on the Charge of a Glohe between two 
Hemispheres, 

This experiment has recently been repeated at the Cavendish Labo- 
ratory in a somewiiat dilFercnt manner. 

The hemispheres were fixed on an insulating stand, so as to form 
a spherical shell concentric with the globe, which stood inside the shell 
upon a short piece of a wide ebonite tube. 

By this arrangement, since during the whole experiment the poten- 
tials of the globe and sphere remained sensibly equal, the insulating 
sujiport of the globe was never exposed to the action of any sensible 
electromotive force, and therefore had no tendency to become charged. 

If the other end of the insulator sui)porting the globe had been 
connected to earth, then, when the potential of the globe was high, 
electricity would have crept from it along the insulator, and would 
have crept back again when, in the second part of the experiment, tlie 
IJotential of the globe was sensibly zero. In fact this was the chief 
source of disturbance in Cavendish’s experiment. See Art. 512. 

Instead of removing the hemispheres before testing the potential 
of the globe, they were left in their position, but discharged to earth. 
The efiect on the electrometer of a given charge of the globe was le^s 
than if the hemispheres had been removed, but this disadvantage was 
more than compensated by the perfect security from all external electric 
disturbances afforded by the conducting shell. 

The short wire which formed the communication between the sliell 
and the globe was fastened to a small metal disk hinged to the shell, 
and acting as a lid to a small hole in it, so that when the lid and 
its wire were lifted up by means of a silk string, the electrode of the 

27 


M. 
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electrometer could be made to dip into the bole in the shell and rest on 
the globe within. 

The electrometer was Thomson’s Quadrant Electrometer. 

The case of the electrometer, and one of the electrodes, were per- 
manently connected to earth, and the testing electrode was also kept 
connected to earth, except when used to test the potential of the 
globe. 

To estimate the original charge of the shell, a small brass bay was 
placed on an insulating stand at a distance of about 60 cm. from the 
centre of the shell. 

The operations were conducted as follows : — 

The lid was closed, so that the shell communicated with the globe by 
the short wire. 

A Leyden jar was charged from a machine in another room, the 
shell was charged from the jar, and the jar was taken out of the 
room again. 

The small brass ball was tlien connected to earth for an instant, 
so as to give it a negative charge by induction, and was then left 
insulated. 

The lid was then lifted up by means of the silk string, so as to take 
away the communication between the shell and the globe. 

The shell was then discharged and kept connected to earth. 

The testing electrode of the electrometer was then disconnected from 
earth, and made to pass through the hole in the shell so as to touch the 
globe within without touching the shell. 

Not the slightest deflexion of the electrometer could be observed. 

To test the sensitiveness of the apparatus, the shell was disconnected 
from earth and connected to the electrometer. The small brass ball was 
then discharged to earth. 

This produced a large positive deflexion of the electrometer. 

Now in the first part of the experiment, when the brass ball was 
connected to earth, it became charged negatively, the charge being about 

of the original positive chaige of the shell. 

AVlien the shell was afterwards connected to earth the small ball 
ihduced on it a positive charge equal to about one-ninth of its own 
negative charge. When at the end of the experiment the small ball 
was discharged to earth, this charge remained on the shell, being about 

of its original charge. 

Let us suppose that this produces a deflexion B of the electrometer, 
and let d be the largest deflexion which could escape observation in the 
first part of the experiment. 
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Then wo know that the potential of the globe at the end of the first 
part of the experiment cannot differ from zero by more than 

1 d „ 

486 D 

where V is the potential of the shell when first charged. 

But it appears from the mathematical theory that if the law of 
repnlsion had been as the potential of the globe when tested 

would have been by equation ( 25 ), p. 421 , 

0-1478x57. 

Hence q cannot differ from zero by more than ^ ^ • 

How, even in a rough experiment, D was certainly more than 
300 d In fact no sensible value of d was ever observed We may 
therefore conclude that 5, the excess of the true index above 2, must 
either be zero, or must differ from zero by less than 

* IFT^lRr* 


Theory of the Experiment. 


Let the repulsion between two charges e and e' at a distance r bo 

/=ee'^(r), (1) 

where (r) denotes any function of the distance which vanishes at an 
infinite distance. 


The potential at a distance r from a charge e is 


7 = 6 1 <f)(r) dr. 

(2) 

Let us write this in tlic form 


r=ei/'(r), 

(•‘0 

where 

( 4 ) 


and f{r) is a function of r equal to 


/’■[/"*(•■>*] 


dr. 


We have in the first place to find the potential at a given point B 
due to a uniform spherical shell. 


Let A be the centre of the 
O' its surface-density, then 


shell, a its radius, a its whole charge, and 
a = 4 iraV. (•^) 


27—2 
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Take A for the centre of spherical co-ordinates and AB for axis, 
and let AB = b. 

Let P be a point on the sphere whose sphencal co-ordinates are 
0 and and let BF = r^ then 

r*=a*-2a6co8fl-h6*. (6) 

The charge of an element of the shell at P is 

era® sin a (7) 

The potential at P due to this element is 

and the potential due to the whole shell is therefore 

V = j j ^ ^ 

Integrating with respect to ^ from 0 to 27r, 

sin eae. (lo) 

Differentiating (6) with respect to 0, 

rdr = ah sin d dO* (1 1) 

Hence, 

the upper limit being always a + h, and the lower limit being a - 6 
when a >6, and b-a when a<b. 

Hence, for a point inside the shell 

F=^{/(« + 6)-/(«-6)}. (13) 

for a point on the shell itself 

(14) 

( 

and for a point outside the shell 

We have next to determine the potentials of two concentric spheri- 
cal shells, the radius of the outer shell being a and its charge a, and 
that of the inner shell being b and its charge j8. 
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Calling the potential of the outer shell A, and that of the inner B, 
we find by what precedes, 


A = ^/{2a)+±{/{a + b)-/(a~b)), 


2a*' 


B = ^/(26) + ^ {/(a + 6) -f(a - b)}. 


(16) 

(17) 


In the first part of the experiment the shells communicate by the 
short wire and are both raised to the same potential, say V. 

Putting il == ^ = F and solving equations (16), (17), we find for the 
charge of the inner shell 


b/( 2a)-a{/(a + b)-/{a-b)] 

P - ^ "7(2a)/(2i) - {/(a + b) -f(a - b)f ' 


(18) 


In the oiigihal experiment of Cavendish the hemispheres forming 
the outer shell were removed altogether from the globe and discharged. 
The potential of the inner shell or globe would then be 

( 19 ) 




In the form of the experiment as repeated at the Cavendish Labora- 
tory, the outer shell was left in its place, but was connected to earth, so 
that A ^0. In this case we find for the potential of the inner shell 
when tested by the electrometer 




( 20 ) 


Let us now assume with Cavendish, that the law of force is some 
inverse power of the distance, not differing much from the inverse 
square, that is to say, let 




(21) 

then 


(22) 


If we suppose g* to be a small numerical quantity, we may expand 
/ (r) by the exponential theorem in the form 

/(**) = li' r {1 - S' log »• + {q log rY - &C.}, (23) 

* • 

and if we neglect terms involving g*, equations (19) and (20) become 
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Laplace [Meo. Cel. i. 2] gave the firat direct demonstration that no 
function of the distance except the inverse square can satisfy the condi- 
tion that a uniform spherical shell exerts no force on a particle 
Avithin it. 

If wo suppose that Py the charge of the inner sphere, is always 
accurately zero, or, what comes to the same thing, if wo suppose 
or to be zero, then 

hf{2a) - af{a + 5) - q/*(a - 6) = 0. 


Differentiating twice with respect to 6, a being consta 
dividing by a, we find 

/"(a + 5) =/"(«- 6), 

or, if a-"J = c, 

/"(c + 26)=/"(c), 
which can be true only if 

/" (r) - Cq a, constant. 

Hence, /' (r) = C^r + C, , 

and f’f‘(r)dr^^/'(r) = 0,+h\, 

whence, </> W = C*! p • 


We may notice, however, that though the assumption of Cavendish, 
that the force varies as some inverse power of the distance, a 2 )pears less 
general than that of Laplace, who supposes it to be any function of the 
distance, it is the most general assumption which makes the ratio of 
the force at two different distances a function of the ratio of those 
distances. 

If the law of force is not a power of the distance, the ratio of 
the forces at two different distances is not a function of the ratio 
of the distances alone, but also of one or more linear parameters, 
the values of which if determined by experiment would be absolute 
physical constants, such as might be employed to give us an invariable 
standard of length. 

‘ Now although absolute physical constants occur in relation to all 
the properties of matter, it does not seem likely that we should be able 
to deduce a linear constant from the properties of anything so little like 
ordinary matter as electricity appears to be. 
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Note 20, Art. 272. 

On the Electric Capacity of a Disk of sensible Thickness. 

Consider two equal disks having the same axis, let the radius of 
either disk be a, and the distance between them and let h be small 
compared with a. 

Let us begin by supposing that the distribution on each disk is the 
same as if the other were away, and let us calculate the potential energy 
of the system. 

We shall use elliptical co-ordinates, such that the focal circle is 
the edge of the lower disk. In other words we define the position of 
a given point by its greatest and least distances from the edge of the 
lower disk, these distances being 

a(a + )8) and a(a-^). 

The distance of the given point from the axis is 

r = aap, (1) 

and its distance from the plane of the lower disk is 


» = « (a»- 1)^(1- /8')^ (2) 

If ilj is the charge of the lower disk, the potential at the given 


point is 

ij/^Aa ‘cosec''*a. 

(3) 

or, if we write 

a- = y«+l, 

(4) 


i/r = 0 - tan'^ . 

(5) 

If ilg is the charge of the upper disk, the density at any point is 



.r- 

(C) 

where 


0) 


Putting « = 6 in equation (2), 


6 * 
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We have now to multiply the charge of an element of the upper 
disk into the potential due to the lower disk, and integrate for the 
whole surface of the upper disk, 


j^Ttrdr aijf = ~ 

= (I - Y<^p) • 


Between the limits of integration we may write with a sufficient 
degree of approximation, 

tan-y = -y = |(l + (^y}{^,+ gy| . (11) 

At the centre of the disk p = l and 

y = which agi’ees with (9). 
ct 

At the circumference, 

p = 0 andy = (^y + ^Q%y(9), 
whereas the equation (11) gives 

\a/ a 

so that when h is very small compared with a, the value of y cannot 
differ greatly from that given by equation (11). Hence we may wi*ite 
the expression (10) 

[I 

The corresponding quantity for the action of the upper disk on 
itself is got by putting A^=A^ and 6 - 0, and is 

(13) 

In the actual case A^^A^ = \E^ where E is the whole charge, 
and the capacity is 

or, since in our approximation we have neglected our result may 

be expressed with sufficient accuracy in the form 
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showing that the capacity of two disks veiy near together is equal to 
that of an infinitely thin disk of somewhat larger radius. 

If the space between the two disks is filled up, so as to form a disk 
of sensible thickness, there will be a ceiiiaiii charge on the cuiwed 
surface, but at the same time the charge on the inner sides of the disks 
will disappear, and that on the outer sides near the edges will be di- 
minished, so that the capacity of a disk of sensible thickness is veiy 
little Renter than that given by (15). 

We may apply this result to estimate the correction for the thick- 
ness of the square plates used by Cavendish. The factor Jby which 
we must multiply the thickness in order to obtain the correction for 

the diameter of an infinitely thin plate of equal capacity is ^ log ^ . 



a 

h 

1 , a 

Tin plate 

... 600 

1*017 

Hollow plate 

... 11 

0*381 

Poi*tland stone, «fec — 

... 30 

0*540 

Slate 

... 75 

0*686 


The correction is in every case much smaller than Cavendisli 
supposed. 


Note 21, Arts. 277, 452, 473, G81. 

Cidculation of the Caj^acity of the Tioo Circles in Experiment VI, 


The diameter of one of the circles was 9*3 inches, so that its capacity 

9*3 

when no other conductor is in the field is — = 2*960. The distance 

TT 

between their centres was 36, 24, and 18 inches, which wo may call 

Cj, andcg. 

The height of the centres of the circles above the floor was about 45 
inches, so that the distance of the image of the circle would be about 90 
inches and that of the imago of the other circle would be about 

r=(W + c“)i. 


Hence, if I is the potential of the circles when the charge of each 
is 1, 




3 c" 


+ &c. - 90-^ 


r 


1 


where the first -term is due to the circle itself, the second and thir(f to 
the other circle, as in Note 11, and the two last to the images of the 
two circles. We thus find for the three distances 


P, = 0*3438, ^ ^ P, = 0*3567, 1\ 0*3689. 
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The capacity is 2-P“\ and the number of “inches of electricity,” 
according to the definition of Cavendish, is 4 jP“^, 

or 11-636, 11-212, 10-844, 

for the three cases. 

The lai'ge circle was 18*5 inches in diameter and its centre was 41 
inches from the floor, so that its charge would be 12*69 inches of 
electricity. . 

Hence the relative charges are as follows : 

Calculated. 

The large circle 1 *000 

The two small ones at 36 inches *917 

24 *884 

18 -855 


Note 22, Art. 283. 

Electric Gaiiacity of a Square. 

I am not aware of any method by which the capacity of a square 
can be found exactly. I have therefore endeavoured to find an approxi- 
mate value by dividing the square into 36 equal squares and calculating 
the charge of each so as to make the potential at the middle of each 
square equal to unity. 

The potential at the middle of a square whose side is 1 and whose 
charge is 1, distributed with uniform density, is 

4 log (1 + ^2) = 3-52649. 

In calculating the potential at the middle of any of the small squares 
-which do not touch the sides of the great square I have used this 
formula, but for those which touch a side 1 have supposed the value to 
be 3-1583, and for a comer square 2-9247. 

A B C C B A 
B D E E D B 
C E P F E C 
C E P F E 0 
B D E E D B 
A B 0 C B A 

A B C 1) E F 
. 1*000 -599 *562 *265 *210 *201 

and the capacity of a square whose side is 1 will be 0*3607. 

The ratio of the capacity of a square to that of a globe whose 
diameter is equal to a side of the square is therefore 0*7214. 


If the 36 squares are arranged as in the 
margin, and if the charges of the comer 
squares be taken for unity, the charges will 

be as follows : 

« 


Measured by Caven* 
dish, Art. 276. 

1-000 

•899 

•859 

•811 
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In Art. 654 Cavendish deduces this ratio from the measures in 
Art;. 478 and finds it 0*73, which is very near to our result. If, how- 
ever, we take the numbers given in Art. 478, we find the ratio 0*79. 
From Ai-t. 281 we obtain the ratio 0*747. 

The ratio of the charge of a square to that of a circle whose diameter 
is equal to a side of the square is by our calculation 1*133. 

In Art. 648 Cavendish says that the ratio is that of 9 to 8 or 1*128, 
which* is very close to our result, but in Arts. 283* and 682 he makes 
it 1*153. 

The numbers in Art. 281 from which Cavendish deduces this would 
make it 1*1514. 

The numbers given in Art. 478 would make it 1*176. 

Cavendish supposes that the capacity of a rectangle is the same as 
that of a square of equal area, and he deduces this from a comparison of 
the square 15*5 with the rectangle 17*9 x 13*4. 

It is not easy to calculate the capacity of a rectangle in terms of its 
sides, but we may be certain that it is greater than that of a square of 
equal area. 

For if we suppose the electricity on the square rendered immove- 
able, and if we cut off portions from two sides of the square and place 
them on the other two sides so as to form a rectangle, wo are carrying 
electricity from a place of higher to a place of lower potential, and are 
therefore diminishing the energy of the system. 

If we now make the electricity moveable, it will re-arrange itself 
on the rectangle apd thereby still further diminish the energy. Hence 
the energy of a given charge on the rectangle fs less than that of the 
same charge on the square, and therefore the capacity of the rectangle is 
greater than that of the square. 


Note 23, Aiits. 288 and 542. 

On ilve Chm'ge of tlie Middle Plate of Three Parallel Plates, 

The plates used by Cavendish were square, but for the purpose of a 
rough estimate of the distribution of electricity between the three plates 
we may suppose them to be three circular disks. ^ 

First consider two equal disks on the same axis, at a distance small 
compared with the radius of either. 

If the disks were in contact, the distribution on each would be the 
same as on each of the two surfaces of a single disk, and it would be 
entirely on the outer surface. 

* In Art. 283 of this book the number is printed 1*53. It should be 1*163. 
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If the distance between the disks is very small compared with their 
radii, the force exerted by one of the disks at any point of the other will 
be nearly but not quite normal to its surface. The component in the 
plane of the disk will be directed outwards from the centre, so that the 
density will be greater near the edge than in a single disk having the 
same charge, but as a first approximation we may assume that the sum 
of the surface-densities on both sides of any element of the disk is the 
same as if the other disk were away. 

But the density on the outer surface of the disk will be incfbased, 
and the density on the inner surface diminished, by a quantity nu- 
merically equal to the normal component of the repulsion of the other 
disk divided by 47r, and the whole charge of the outer surface will be 
increased, and the whole charge of the inner suiface diminished, by a 
quantity equal to the charge of that part of the other disk, the lines of 
force from wliich cut the disk under consideration. 


Plencc the charges of the inner and outer surfaces of the disk are 


A 

a 


<0 and ~ (a - w) 


respectively, where the value of the elliptic co-ordinate w is that corre- 
sponding to the edge of tlie other disk. 

If a is the radius of either disk, and c the distance between them, 

<0 = (c^4a® 4 * c* - 

If we now place another equal disk on the same axis at a distance c 
from one of them, the potential being the same for all three, the new 
disk will greatly diminish the charge of the surface of the disk which is 
next to it, but it will not have much effect on the charges of the other 
surfaces. 


The result will therefore be that the charges of the two outer disks 
will together be greater, but not much greater, than that of a single disk 
at the same potential, but the charge of each of the surfaces of the 
middle disk will be the same as that of one of the inner surfaces of a 
pair of disks at distance c. Hence the chai-ge of the middle disk will be 
to that of the two outer disks together as co to a. 

If wc substitute for the square plates of twelve inches in the side 
disks of 13*8 inches diameter which would have nearly the same capa- 
city, then if the distance between the outer disks is 1*1 inches, c= *575 
and < 0 = 1*936 and « = 3*5 o>, or the charge of the middle disk would be 
3*6 times greater if the other disks had been removed. 

If the distance between the outer disks is 1*65 inches, c = *875 and 
< 0 ^ 2*293, whence a = 2*2 < 0 , or the charge of the middle disk would have 
been 2*2 times greater if the outer disks had been removed. 

It is evident, hdwever, that in the assumed distribution the potential 
is less al> the edges of the outer disks than at their centres. The elec- 
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tricity will therefore flow more towards the edges of the outer disks, and, 
as this will raise the potential near the edge of the middle disk, the 
charge of the middle disk will be less than on our assumption. I have 
not attempted to estimate the distribution more approximately. 

Cavendish found the charge of the middle disk J and J of what it 
would have been without the outer disks. This is much less than the 
first approximation here given, but much greater than Cavendish's own 
estimate, founded on the assumjjtion that the distribution of electricity 
follo\?s the same law in the three plates. 


Note 24, Auts. 338, 652. 

On the Oapacity of a Co^uluctor placed at a finite distance from other 

Conductors. 


Cavendish has not given any demonstration of the very remarkable 
formula given in Art. 338 for the capacity of a conductor at a finite 
distance from other conductors. We may obtain it, however, in the 
following manner. 


If the distance of all other conductors is considerable compared 
with the dimensions of the positively charged conductor, 6', whoso 
capacity is to be tried, the negative charge induced on any one of 
the other conductors will depend only on the charge of the conductor 
C and not on its shape. This induced chaige will produce a negative 
potential in all parts of the field ; let us suppose that the potential thus 


produced at the centre of the conductor G is 


E 


where E is the charge 


of G and x is a quantity of the dimensions of a line. 


If L is the capacity of G when no other conductor is in the fiedd, 

E 

then the potential due to the charge E will bo -j , and the potential, 

which arises from the negative charge induced on other conductors, 

E / 1 1 \ 

will be - — , so that the actual potential will be E f ^ ^ • 


Dividing the charge V>y the potential we obtain for the actual 
capacity 


L 


X 


or the capacity is increased in the ratio of cc to a; - Z. 

• 

The idea of applying this result to determining the value of x by 
comparing the charges of bodies, the ratio of whose capaciticjs is known, 
is entirely peculiar to Cavendish, and no one up to the present time seems 
to have attempted anything of the kind. 
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The height of the centre of the circles above the floor seems to have 
been about 45 inches. If we neglect the undercharge of other con- 
ductors and consider only the floor, x would be about 90 inches in 
modem measure, but as a capacity x is reckoned by Cavendish as 2x 
“inches of electricity,” the value of x in “inches of electricity” 
would be 180. 

If we could take into account the undercharged surfaces of the 
other conductors, such as the walls and ceiling, the “machine,” <fec., the 
value of X would be diminished, and it is probable that the^viilue 
obtained from his experiments by Cavendish, 166-k is not far from 
the truth. 


Note 25, Arts. 360, 539, 666. 

Capacities of the large tin Cylinder and Wires* 

The dimensions of the cylinder are given more accurately in Art. 
.539. It was 14 feet 8*7 inches long, and 17*1 inches circumference. 
Its capacity when not near any conductor would be, by the formula in 
Note 12, 22*85 inches, and when its axis was 47 inches from the floor it 
would be 31*3 inches, or in Cavendish’s language 62*6 inches of elec- 
tricity. Cavendish makes its computed charge 48*4, and its real charge 
73*6. See Art. 666. Now the charge of either of the plates D and E 
was by Art, 671, 26*3 inches of electricity, so that 

tin cylinder = 1 *19 (D + E). 

The capacities of the different wires mentioned in Arts. 360 and 
539 are, by calculation. 


length. 

diameter. 

capacity. 

29 

1 

IT 

2-67 

22 

1 

IR 

2-09 

37 

•15 

3-13 

27-6 

•15 

2-46 

20-8 

*15 

1-88 

31 

*15 

2-71 

24 

•15 

2-28 


The ratio of the charge of the first of these wires to that of the 
second is 1*37. 


• Note 26, Art. 369. 

Action of Heat on Dielectrics. 

‘The effect of heat in rendering glass a conductor of electricity is 
described in a letter from Xinnersley to Franklin* dated 12th March, 
1761. He found that when he put boiling water into a Florence 

* Franklin’s Works, .edited hy Sparks (1856), Vol. v., p.. 367. 



ACTION OP HEAT ON GLASS. 


431 


flask he could not charge the flask, and that the charge of a three 
pint bottle went freely through without injuring the flask in the 
least. 

Franklin in his reply describes some experiments of Canton's on 
thin glass bulbs, charged and hermetically sealed and kept under 
water, showing “ that when the glass is cold, , though extremely thin, 
the electric fluid is well retained by it.” 

He then describes an experiment by Lord Charles Cavendish, 
showing that a thick tube of glass required to be heated to 400® F. to 
render it permeable to the common current. 

A portion of a glgiss tube near the middle of its length was made 
gplid, and wires were thrust into the tube from each end reaching to the 
solid part The middle portion of the tube was bent, so that a portion, 
including the solid part, could be placed in an iron pot filled with iron- 
filings. A thermometer was put into the filings ; a lamp was placed 
under the pot ; and the whole was suppoi*ted upon glass. 

The wire which entered one end of the tube was electrified by a 
machine, a cork ball electrometer was hung on the other, and a small 
wire, reaching to the floor, was tied round the tube between the pot and 
the electrometer, in order to carry ofif any electricity that might run 
along upon the tube. 

** Before the heat w.as apjdicd, when the machine was worked, 
the cork balls separated at first upon the principle of the Leyden 
phial. But after the middle part of the tube was heated to 600, 
the corks continued to separate, though you discharged the electricity 
by touching the wire, the electrical machine continuing in motion. Upon 
letting the whole cool, the cflcct remained till the thermometer was sunk 
to 400.” 

Experiments on the conductivity of glass at different temperatures 
have been made by Buff*, Perry t, and HopkinsonJ. 

Hopkinson finds that if B is the specific conductivity divided by the 
specific inductive capacity and multiplied by 47r, then for 

glass N”. 2, log B = 1*35 + 0*04150, 

glass 7, log B - 4*17 + 0*02830, 

where 0 is the temperature centigrade. 

Glass N®. 2 is of a deep blue colour ; it is composed of silica, soda, 
and lime. * 

Glass N®. 7 is ‘‘optical light flint,” density 3*2, composed of silica, 
potash, and lead; almost colourless, the surface neither "sweats” nor 

* Annalen der Chemie und Pharmacie, xc. (1854), p. 257. 

+ Proc. P. 8. 1875, p. 468. 

T Phil. Tram. 167 (1877), p. 699. 
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tamislies in the slightest degree. This glass at. ordinary temperatures is 
sensibly a perfect insulator. 

The conductivity of glass when heated makes it very difficult to 
determine its capacity as a dielectric. It appears from the experiments 
of Hopkinson on glasses of known composition, that the glasses made 
with soda and lime conduct more, and are also more subject to ‘‘ elec- 
tric polarization ” and “ residual charge ” than those made with potash 
and lead. 

Both the conductivity and the susceptibility .to residual charge in- 
crease as the temperature rises, and this makes it very doubtful 'whether 
the apparent increase of dielectric capacity, which was observed by 
Cavendish and also by recent experimenters, is a real increase of 
the specific inductive capacity, or merely an effect of increased con- 
ductivity. 

The experiments of Messrs Ayi*ton and Perry* on wax at dif- 
ferent tcmj)eratures would seem to indicate a real increase of die- 
lectric capacity, as well as of conductivity, as the temperature rises 
up to tlic melting point. During the process of melting the capacity 
decreases and at higher temperatures begins to increase again, but the 
conductivity continues to increase as the temperature rises. 


Note 27, Art. 376. 

Electrostatic ca^padly of different substances. 


Shellac 

Kosin 

Bosin and bees’-wax . . . 
Dephlegmated bees’- wax 
Plain bees’-wax 

Cavendish. 

4*47 

3-38 

3-7 

4 

Boltzmann. 

2-55 

Wiillncr. 

2*95 to 3-73 

Gordon. 

2-740 

Sulphur 

Ebonite 

ScJiiUer. 

3*84 

2-88 to 3*21 

2-579 

2-21 to 2-76 

315 

2-56 

2-284 

Paraffin 

Black caoutchouc 

vulcanized 

1-81 to 2-47 
2-12 

2*69 

2-32 

1-9C 

1- 994 

2- 22 
2-497 


Note 28, Art. 383. 

Capacity of a Cylindrical Condenser. 

^ The rule by which Cavendish computed the charge of a condenser 
consisting of two cylindrical surfaces having the same axis is given at 
Art. 313. 


- * Phil. Mag. August, 1878. 
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If E is the external and r the internal radius, and I the length 
of the cylinders, then Cavendish's exj)rcssion for the “computed charge’* 
. 1 lt+ r. 

The true expression for the capacity is 

1 ^ l_ 

2 log E — log r 

when the logarithms are Naperian. 

We may express log E - logr in the form of the series 

^E-r 2 fE-ry 2 /E-^rY „ 

^li + r'^'S \E + r) '^5 \]i + r) ’ 

and wo thus find as an approximate value of the capacity 



/E — 

i' ^ 

/H - r\ 

V-3 

U+»v 

' 46 

\Ji + rJ 


The first term agrees with Cavendish’s rule, for the “capacity” is 
half the “ inches of electricity,” but the other tonus show that Caven- 
dish’s rule gives too large a value for tlie computed charge. 

The following table gives the charge as computed by Cavendish 
compared with that given by the correct formula. 


Flint jar 

cylinder 

Therm. I. 

IT. 

Green cyl. 1 

2 

3 


Cavendish. 

True. 

1 Observed charge 
by computed. 

85-9 

72-55 

9-88 

87*1 

73-59 

8-83 

110 

8-37 

9-58 

111 

7-84 

10-29 

77*2 

65-92 

11-15 

76-6 

61-54 

11-22 

40-8 

34-29 

10-29 

Note 20, Art. 437. 


Electrical Fishes, 



The fishes which are known to possess the power of giving electric 
shocks belong to two genera of Teleostean Fishes and one of Elasmo- 
branch Fishes, and the position and relations of the electric organs are 
difterent in each. 

In every instance, however, the electric organ may bo roughly 
described as being divided in the first place into parallel prisms or 
columns by septa, which we may call (with reference to the organ, not* 
the fish) longitudinal septa, and in the second place each column is 
divided transversely by diaphragms, the structure of which is different 
in the different families, but in every case the terminations of the nerves 

M*. . * 28 
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NOTE 29. 


lie on that surface of each diaphragm which during the discharge becomes 
its negative surface. 

In the large family of the Torpedos the electric organs are formed 
of a large number of short columns, the columns running from the belly 
to the back of the fish. The nerves terminate on the ventral surface of 
each, diaphragm, and the electric discharge is from belly to back through 
the organ, or in other words, the back of the fish becomes positive with 
respect to the belly. 

it 

There seems to be but one species of Gymnotiis. It is a long eel- 
like fish. Its electric organa consist of a smaller number of very long 
columns running from the tail to the head of the fish. The nerves 
terminate on the posterior surface of the diaphragms, and the electric 
discharge is from tail to head through the organ, or the head of the fish 
becomes positive with respect to the tail. 

There are three species of Malaptcrurus which are known to be 
electrical. In these the electric organs run longitudinally. Bilharz, 
observing that the nerves appear to terminate in an expansion like the 
head of a nail on the posterior surface of the diaphragms, concluded that 
the electric discharge must be from tail to head through the organ, as in 
the Gymnotus. Ranzi* however, and afterwards, independently of him, 
Du Bois B-eymondt found that the discharge is really from head to tail 
through the organ, so that the tail becomes positive with respect to the 
head, and Schultze, who had been led to believe, from a comparison 
of his own observations on the organs of pseudo-electric fishes with the 
drawings of Bilharz, that the nerves might pass through the diaphragms 
and terminate on their anterior surfaces, found, on examining the prepa- 
rations sent him by Du Bois Beymond, that this was really the case in 
Malapterurus, so that we may now assert that in every known case the 
terminations of the nerves arc on that side of each diaphragm which 
during discharge becomes negative. 

The origin of the nerves which supply the electric organs is different 
in the three families. 

In the Torpedos the electric nerves are derived from the posterior 
division of the brain. Irritation of this lobe produces an electric dis- 
charge of the organ, but no muscular contraction. Irritation of other 
parts of the brain produces muscular contractions, but not electric dis- 
charges, unless the disturbance produced aflects the electric nerves. 

In the Gymnotus the electric nerves arise from the whole length of 
the spinal cord, and in Malapterurus the electric organs are supplied 
by the 2"^ and 3'^* pair of spinal nerves. 

The electric nerves are so called because they govern the discharges 
of the electric organ. No essential difference has been observed between 

♦ Nuovo CimentOy Tomo II, Dioembro 1866, p. 447, quoted by Du Bois Bey- 
mond “Zur Geschichte der Entdeckungen am Zitterwelse,” Archiv fur Anatomic 
Physiologic, &o. Leipzig, 1869, p. 210. ‘ 

t Monatahericht d. k, Akad. Berlin, 1858. 
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the electric phenomena in tliesc nerves and those in other nerves. They 
must be classed, with respect to origin as well as function, among the 
motor nerves. Tlio only difference is that their function is to govern 
the electric discharge of a peculiar organ, instead of the contraction of a 
muscle. 

The experiments of Dr Davy* and those of Matteuccif shewed 
that tl)e discliarge of the Torpedo produces all the known phenomena 
of an electric discharge. Famday J did the same for the Gymnotus, 
and Du Bois Ileymond§ for the Malapterurus. 

M. Mareyll has recently investigated some of the electrical pheno- 
mena of the discharge of the Torpedo. Tie employed three methods of 
indicating the discharge, the prepared leg of a frog, which is extremely 
sensitive to the feeblest current, but has the disadvantage that the time 
required for the contraction of the muscles, and still more the time 
required for their relaxation, is many times the period of the recurrence 
of the electric discharges of the Torpedo, so that the rapidly changing 
phases of the dischaj-ge cannot be distinguished by this method. 

The second imlicator used by Marey was the electromagnetic signal 
of M. Deprez, which can register 500 electric currents in a second by 
the motion of a tracing point over the smoked surface of a revolving 
cylinder. The action of this instrument was sulhciently prompt to 
register the number of the se])arate currents of which the “ continued 
discharge” of the Torpedo consists. It was not, however, siiflicicntly 
sensitive to trace the curve of the intensity of the current when the 
strength of the curi’cnt was loss than that required to work the tracing 
point, and the trace therefore represents only the phases of greatest 
strength of cuiTent in each separate discharge, 

M. Marey calls each separate discharge of the Torpedo an electric 
flux. 

The whole discharge consists of a rapid succession of these fluxes, 
at the rate of from 60 to 140 per second, gradually decreasing in 
intensity, but remaining sensible sometimes for a second or a second and 
a half. In one of the tracings 1 20 fluxes may be counted quite distinctly, 
with a somewhat irregular continuation of feebler fluxes. 

The electromagnetic signal, however, depending on the attraction of 
a soft iron armature, is acted on by a force varying nearly as the s(|uarc 
of the strength of the current. It is therefore unable to respond to 
feeble currents, and it does not indicate the direction of the currents, 
even when improved in certain particulars by M. Marey. 

The third indicator used by M. Marey was the ca[)illary electrometer 
of M. Lippmann. In this instrument a capillary glass tube is filled in 
one part with mercury and in the other with dilute sulphuric acid. The 
pressure of the mercury is so adjusted that the division between the 

• Phil, Tram , , 1834. + Comptes Ilendm, 1836. 

X London Medical Gazette, 1838. § Berlin Monatsh,, 1858. 

1| Travaux du Lahoratoire de M, Marey, iii. (1877)^ 


28—2 



436 


NOTE 29. 


two liquids appears in the middle of the field of a microscope. The elec- 
trodes of the instrument are connected with the two liquids respectively, 
and when a small electromotive force acts frtm one electrode to the 
other, the surface of separation of the two liquids is seen to move in the 
same direction as the electromotive force, tliat is to say, the mercury 
advances if the electromotive force is from the mercury to the acid, and 
retreats if it is in the opi)Osite direction. 

This instrument, therefore, is admirably suited for the investigiition 
of small electromotive forces, and the mass of the moving parts is so 
small that it responds most promptly to every variation of the electro- 
motive force. Its only defect is that its range is limited to the electro- 
motive force required to decompose the acid, and the electromotive 
force of the Torpedo, as we know, is of far greater intensity than this. 
M. Marey therefore used a shunt, so as to diminish the force acting 
on the electrometer to such a degree as to be within the working limits 
of the instrument. 

He thus ascertained that the back of the fish is positive with respect 
to the belly, not only on the whole, but during every phase of each 
flux, and that it does not sink to zero between the fluxes. 

The modern researches on the electric fishes would seem to point to 
the conclusion that the electric organ is not like a battery of Leyden jars 
in which electricity is stored up ready to be discharged at the will of the 
animal, but rather like a Voltaic battery, the metals of which are lifted 
out of the cells containing the electrolyte, but are ready to bo dipped 
into them. 

There seems to be no electric displacement in the organ till the 
electric nerve acts on it. The energy of the electric discharge which 
then takes place is not supplied to the organ by the nerve ; the nerve 
only sets up an action wliich is carried on by tlie expenditure of energy 
previously supplied to the organ by the materials which nourish it. 

During the discharge certain chemical changes take place in the 
organ. These changes involve a loss of intrinsic energy, and the 
chemical products found in the organ after repeated electric discharges 
are similar to the products found in muscles after they have performed 
meclumical work. 

The organ, by repeated discharges, becomes incapable of responding 
to stimulation, and can only recover its power by the gradual process by 

which it is nourished. 

• 

Faraday proposed to try whether sending an artificial current 
througli the Gymiiotus would exhaust the organ, if sent in the direc- 
tion of the natural discharge, or would restore it more rapidly to vigour 
if sent in the oj)positc direction. The only exi>criments on the effect of 
electricity on electric fishes seem to be those of Dr Davy, who found 
that an artificial current did not excite the elccti'ic organs of the 
Torpedo, though it had an effect on the muscles, but less than on 
those of* other fishes, %nd of Du Bois Beymond, who found that Malap- 
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terurus was very slightly affected by induction currents passing through 
the water of his tub, though tliey were strong enough to stun and even 
to kill other fishes. When the induction currents were made very strong, 
the fish swam about till ho had placed Jiis body transverse to the lines of 
discharge, but did not appear to be much annoyed by them*. 

The most valuable experiments hitherto made are probably those 
of Dr Carl Sachs, who went out to Venezuela in 1876 for the express 
purpose of studying the Gymnotus in its native rivers, with all the 
resources of Du Bois Beymond’s methods. Dr Sachs lost his life in 
an Alpine accident in 1878, and as he did not himself publish his 
researches, it is to be feared that their results are lost to science, 

Note 30, Art. 560. 

Excess of redundant fluid on positive side above defleient fluid on 
negative side of a coated plate. 

When two equal disks have the same axis, the first being at potential 
F and the other connected to the earth, the algebraic sum of the charges 
of the two disks is just half the charge of the two disks together if they 
were both raised to potential F. 

If the two disks are very near each other, the charge of the two 
together is very little greater than that of one by itself at the same 
potential. 

Hence the excess of the redundant fluid above the deficient, when 
one of the disks is raised to potential F and the other connected with 

the earth, is very little greater than - aF, where a is the radius. (See 

w 

Note 4.) 


Note 31, Art. 573. 

Intensity of the Sensation produced by an Electric Discharge, 

Cavendish tried this and several other experiments (Arts. 406, 573, 
597, 610, 613) to determine in what way the intensity of the sen- 
sation of an electric shock is afiected by the two quantities on which 
the ))hysical properties of the discharge de})end, namely the quantity of 
redundant fluid discharged, and tlio degree of electrification before 
it is discharged, the resistance of the discharging circuit being sup- 
posed constant. 

He seems to have expected (Art. 507) that the strength of the 
sliock would be “as the quantity of electricity into its velocity, V or 
in modern language, as the ])roduct of the quantity into the mean 
strength of the current of discharge. Since the electromotive force 
acting on the body of the operator is measured by the product of^ the 
strength of the current into the resistance of the body, which we may 

* A somewhat extensive account pf the subject is given in a dissertation, J)e' 
Pesci elettrici e pseudoelettrici, por Stefano St. Sihlcami (di Bucurosti, llomania), 
Napoli, 1876. 
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suppose constant, Cavendish’s hypothesis would make the intensity 
of the shock proportional to the work done by the discharge within 
the body. 

According to this hypothesis, if a jar charged to a given degree 
produces a shock of a certain intensity, then a charge equal to n times 
the charge of this jar, communicated to w* similar jars, and discharged 
through the same resistance, would give a shock of equal intensity. 

By the experiment recorded in Arts. 406 and 573, in which 7i = 2, 
it appeared that the shock given by four jars charged with the 
electricity of two jars, was rather greater than that of a single jar. 

In the experiment in Art. 610 Cavendish compared the shock of 
jar 1 electrified to 2^, with that of ^ + 2-^1 electrified to the same 
degree and communicated to the whole battery. Here the capacity 
of jB + 2 A was equal to 6 times jar 1, and that of the whole battery 
was 154 times jar 1, so that 6 times the quantity of electricity com- 
municated to 154 jars gave a sliock of about the same strength, though 
as Cavendish I’emarks, “ as there is a good deal of difference between the 
sensations of the two, it is not easy comparing them.” 

Here 154 is the 2| power of 6, so that the shock seems to 
depend rather more on tlie quantity of electricity than on the degree 
of electrification. This is the only experiment which Cavendish has 
worked out to a numerical result. 

By the other experiments recorded in Art. 610, 34 J commu- 
nicated to 7 rows, gives a shock ecpial to 22 communicated to one 
row. This would make the number of jars as the 4’3 power of the 
charges. By Art. 613 the number of jars would be as the 3*3 power 
of the charge. 

Cavendish had not the means of producing a steady current of elec- 
tricity, such as we now obtain by means of a Voltaic battery, so that 
he could not discover the most important of the facts now known about 
tlie physiological action of the current, namely, that the effects of the 
current, whether in producing sensations, or in causing the contraction 
of muscles, depend far more on the rapidity of the changes in the 
strength of the current than on its absolute strength. It is true that 
a steady current, if of sufficient strength, produces effects of both 
kinds, but a current so weak that its effect, when steady, is imper- 
ceptible, produces strong effects, both of sensation and contraction, at the 
moments when the circuit is closed and broken. 

But although this ma}' be considered as established, I am not aware 
of any researches having been made, from the results of which it would 
be possible to determine, from the knowledge of the physical character 
of two electric discharges, which would produce the greater physiological 
effect. 

the kind of discharges most convenient for experiments of this kind 
is that in wliich the cui'rent is a simple exponential function of the time, 
and of the form 

X CV V ’ 
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where x is the strength of the current at the time f, C its strength 
at the beginning of tlie dischtu'ge, and r a small time, which we may call 
the time-modulus. 

In this case the whole physical nature of the discharge is deter- 
mined by the values of the two constants G and r. The intensity of 
the sensation produced by the discharge throi^igh our nerves is, there- 
fore, some function of these two constants, and if we had any method 
of ascertaining the numerical ratio of the intensities of two sensations, 
we #night determine the form of this function by experiments. We 
can hardly, however, expect much accuracy in the comparison of sensa- 
tions, except in the case in which the two sensations are of the same 
kind, and we have to judge which is the more intense. 

According to Johannes MUller, the sensation arising from a single 
nerve can vaiy only in one way, so that, of two sensations arising from the 
same nerve, if one remains constant, while the other is made to increase 
from a decidedly less to a decidedly greater value, it must, at some inter- 
mediate value, be equal in all respects to the first. 

In the ordinary mode of taking shocks by passing them through 
the body from one hand to the other, the sensations arise from disturb- 
ances in different nerves, and these being affected in a different ratio 
by discharges of different kinds, it becomes difficult to determine whe- 
ther, on the whole, the sensation of one discharge or the other is the 
more intense. 

I find that when the hands are immersed in salt water the quality 
of the sensation depends on the value of r. 

When T is very small, say 0-00001 second, and G is large enough to 
produce a shock of easily remembered intensity in the wrists and elbows, 
tliere is very little skin sensation, whereas when t is comparatively 
large, say 0 01 second, but still far too small for the duration of dis- 
charge to be directly perceived, the skin sensation becomes much more 
intense, esi)ecially in any place where the skin may have been scratched, 
so that it becomes almost impossible so to concentrate attention on 
the sensation of the internal nerves as to determine whether this part 
of the sensation is more or less intense than in the discharge in which 
T is small. 

There are two convenient methods of producing discharges of this 
type. 

(1) If a condenser of capacity IT is charged to the potential F, 
and discharged through a circuit of total resistance A (including the 
body of the victim), 

C-I. ,-irs. 

The whole quantity discharged is Q^Gt — VIC, and if r 4* the 
resistance of the body of the victim, the work done by the discharge 
in the body is 
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(2) If tlie current through the primary circuit of an induction coil 
is y, the coefficient of mutual induction of the primary and secondary 
coils J/, that of the secondary circuit on itself Z, and the resistance 
of the secondary circuit 7?, then for the discharge through the secondary 
circuit when the primary circuit is broken, 


n ^ 
Q--jiy> 



w=i 


MY ^ 

~L R • 


I first tried the comparison of shocks by means of an induction coil, 
in which M was about 0*78 and L about 52 earth quadrants, and in 
wliich the resistance of the secondary coil was 2710 Ohms. By adding 
some German sdver wire to the primary coil, its resistance \yas made 
up to nearly 1 Ohm, and the primary thus lengthened, another wire of the 
same resistance, and a variable resistiince Q were made into a circuit. 
One electrode of the battery was connected to the junction of the two equal 
resistances, and the other was connected alternately to the two ends of 
the resistance Q, so that the current through the primary was varied in 
tlie ratio of the primary R to R-h Q, while the resistance of the battery- 
circuit remained always the same. When the smaller primary current, 
2 /, was interrupted, I took the secondary discharge through my body 
directly, but when the larger current, y , was interrupted, I made the 
secondary discharge pass through a capillary tube filled with salt solu- 
tion as well as my body. 

The resistance between my hands when both were immersed in salt- 
water was 1245 Ohms, making with the secondary coil a resistance of 
5955 in the secondary circuit, so that the time-modulus of the discharge 
was T = 1'3 X 10' ^ seconds. 

The resistance of the first capillary tube was 370000, so that when it 
was introduced t = 1’4 x lO”®. 


By a rough estimate of the comparative intensity of the shocks T 
supposed them to be of equal intensity when y' = 8*4y, and therefore if 
we supj)Ose that two shocks remain of equal intensity when C varies as 
= 0-468. 

By another experiment in which a tube was used whose resistance 
was 450000, 0*534. 

When the shocks at breaking contact were nearly equal, that at 
making contact was very much more intense with the small primary 
current and small secondary resistance than with the large primary 
current and large secondary resistance. 

I then compared the discharges from two condensers of 1 and 0*1 
microfiirads capacity respectively, charging them with a battery of 
25 Lcclanche cells, the electromotive force of which was about 36 Ohms. 

Tho resistance of the discharging circuit for the microfarad was 
11200 Ohms, including my body, so that 

T = 1*12 X lO”® seconds. 
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The resistance of the discharging circuit of the tenth of a micro- 
farad was 3600, so that t' = 3*6 x 10“^ 

The values of C were inversely as the resistances, so that if the 
two shocks were, as I estimated them, nearly equal, the value of p 
would bo 0*67,0. 

This experiment was much more satisfactory and more easily man- 
aged than that with tlic induction-coil, and I tliought it desirable to 
apply^ the same method to the comparison of the contractions of a 
muscle wlien its nerve was acted on by the discharge. I therefore 
availed myself of the kindness of Mr Dew-Smith, who prepared for me 
the sciatic nerve and gastrocnemius muscle of a frog, and attached the 
j)reparation to his myograph. Tlie discharge was conducted through 
about 0*4 cm. of the nerve by means of Du Bois Keymond^s unpolar- 
izable electrodes, tlie resistance of tlie electiodes and nerve being 
35000 Ohms. When the electrodes were in contact their resistance 
was 23000, leaving about 12000 as the resistance of the nerve 
itself. 

T used two condensers, one 0-1 microfarad, and tlio other an air- 
condenser of 270 centimetres capacity in electrostatic measure, or 
about 3 X 10“* microfarads. 

The first was charged by one cell and the second by 25. The 
resistances were arranged so that the conti’actions produccil in tlio 
muscle were much loss than a third of a maximum conti’action. The 
discharges were made alternately every 15 seconds, and when the 
I’osistancos were 35000 and 140000 respectively, the alternate contrac- 
tions as recorded on the myograph were as follows ; 

Small condenser. Large condenser. 


144 • 

146 

147 

148 

147 

147 

146 

146 

147 

145 


Hero the time-modulus was 1*05 x 10“'^ seconds for the small con- 
denser and 1*4 X 10~® for the largo one, and the values of C were as 
1 to 100, so that p = *640. 

If we suppose that Cavendish took the shocks through pieces of 
metal held in his hands, the resistance of the circuit would depend 
on the state of his skin. lie occasionally used a piece of aj)paratus, 
which he nowhere describes, but which he names in three places* a 
shock-melter. 

From Art. 585 it would appear that it was fdlcd with salt water, 
even when fresh water was tlie subject of the exi)eriincnt, and fPom 
Art, 637 Cavendish seems to have considered it his last resource as a 
method of receiving shocks. I therefore think that it must have 

* Arts. 585, 622, 637. Sec facsimile at p. 326. 
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been an apparatus by which his hands were well wetted with salt 
water, so that the resistance of his body would be between 1000 
and 2000 Ohms. 

The capacity of his battery of 49 jars was 321000 glob, inc., which 
comes to rather less than half a microfarad. 


The discharges of this through 2000 Ohms would have a time- 
modulus of about onc-thousandth of a second. 

The following table gives the different results obtained by CavSidish 
and by myself) with the time-modulus of the discharges compared. The 
quantity p is such that the ratio of the initial strength of the two 
discharges is inversely as the p power of the ratio of the time-moduli 
when the shocks are equal in intensity, or 



The number of jars among which a quantity of electricity must bo 
divided in order to give a shock of a given intensity through a given 

•l • |1 1 ... 

vu>j.j.v/o cwa mixs puwui' ui lillC l.|UttUbXl;jr Ul uxC7i>uxxv/xi;jr . 


Cavendishes experiments. 


*1 *2 
Art. f)73 0-0000005 0-000026 

... 610 0-0000065 0-001 

... do. 0-00014 O-OOl 

... 613 000014 0-00042 


P 

0-5 + 
0-052 
0-707 
0-097 


Experiments by the Editor. 


Induction-coil 

do. 


Condensei-s 


0-000014 

0-000011 

0-0003G 


0-0013 

0-0013 

0-0112 


0-468 

0-534 

0-670 


Experiments on the prepared nerve and muscle of a frog. 
0-00001 0-014 0-640 

This value of p does not differ much from 0-652, the only result 
which Cavendish has deduced in a numerical form from his experiments. 

The most unaccountable of all the results arrived at by Cavendish 
is one which seems to have perplexed him so much that he has left the 
account of the experiments among which it occurs in a very imperfect 
state. He found (Arts. 639, 644) that the shock of a Leyden jar taken 
through a long thin copper wire produced a more intense sensation than 
wlfen it was taken from the jar directly. 

As in some of the experiments the wire was wound on a reel, and 
therefore the self-induction of the cun-ent might produce an oscillatory 
discharge, the physiological effects of which might be different from 
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tlioso of the simple discharge ; I charged two Leyden jars to the same 
potential, using Thomson’s Portable Electrometer as a gauge elec- 
trometfT, and took the discharge of one through the secondary wire 
of an induction-coil, the resistance of which was about 1000 Ohms, 
and that of the other through an ordinary resistance-coil of 1000 
Ohms. 

In every trial I found that the sensation was more intense when 
taken through the ordinary resistance-coil than when taken through 
the ifiduction-coil, and it is manifest that in the latter case the current 
begins and ends much less abruptly, so that the result is quite in 
accordance witli the modern theory, that the sensation depends on the 
rapidity with which the strength of the current changes. I am, there- 
fore, quite unable to account for the opposite result obtained by Caven- 
dish. At the same time it is quite impossible that Cavendish could be 
mistaken in this comj)arison of the intensity of his sensations, for ho 
had more practice than any other observer in comparing them, and ho 
repeated this experiment many times. 

The only apparent objection to the experiment is that tlie resistance 
of the copper wires was only 430 in one case and only 1000 in the 
other, whtireas the resistance of a man’s body, from one hand to the 
other, varies from about 1000 when the hands are thoroughly wet, to 
about 12000 when they are dry, so that the resistance of the copper was 
small compared with the possible variations of the resistance of Caven- 
dish’s body. 

The resistances of tlic tubes filled with solutions of salt, &c., were 
very much greater, being from 20000 to 900000. 


Notk 32, Arts. 398, 576, C87. 

Comparison of the Resistance of Iron Wire and Salt Water. 

Cavendish never published the method by which ho made this 
comparison, but tlie result given in Art. 398 seems to have been 
accepted by men of science on Cavendish’s bare word, without any 
question as to how it was obtained. 

It appears from Art. 576 that Cavendish made his body and the 
iron wire the branches of a divided circuit, and then tried liow many 
indies of salt water must be put in the jilace of the iron wire, so that 
the shock might apjiear of the same strength. 

By Matthiessen’s experiments on the resistance of metals, the re- 
sistance of an iron wire of the dimensions given by Cavendish would be 
about 196 Ohms. As this is much less than that of a man’s body from 
hand to hand, it would have made hardly any difference to the shock 
whether Cavendish took it through his body alone, or through his body 
and the iron wire in scries. 
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By using the iron wire as a shunt and increasing the discharge 
BO as to obtain a shock of easily remembered intensity, Cavendish was 
enabled to compare the wire with a column 5*1 inches long of saturated 
solution of salt. 

By this experiment the resistance of saturated solution of salt is 
355400 times that of iron. 

By the statements in Art. 398, that the resistance of rain-water is 
400,000,000 times that of iron wire, and 720 times that of a saturated 
solution of sea-salt, the resistance of saturated solution would be 555555 
times that of iron wire. 

It is tiue that this result given by Cavendish does not agree with 
the only experiment he has recorded, but we must remember that it is 
the only result which he jjublished, and therefore he must have thought 
it the best he had. 

By Koldrausch’s experiments on salt solutions combined with 
Matthicssen’s on metals, the resistance of saturated solution of salt is 
451390 times that of annealed iron, when both are at 18‘’C. The ratio 
of the resistances would agree with that given by Cavendish at a tem- 
perature of about ir’C. 

The coincidence with the best modern measurements is remarkable. 


Note 33, Art. 619. 

Conductivity of Solutions of Salt, 

According to the measurements of Kohl ran sch* the electric con- 
ductivity k, of saturated s<dution of sodium cldoride, the conductivity 
of mercury at 0® C. being taken as unity, is given by the equation 

10"^= 1259 (1 + 0-0308« -i- OOOOldG^^). 

When the temperature is near 18® C., we may use the equation 
10®Z;= 2015 + 45*1 («- 18). 

Saturated solution at 18® contains according to Kohlrausch 26*4 
per cent. ' of salt. Cavendish’s saturated solution contained 
of salt, which is equivalent to 26*45 per cent. 

Kolilrauscli finds that saturated solution of salt is one of the best 
standard substances for the comparison of tlie resistance of other elec- 
tro^tes. Its conductivity seems to be sensibly the same, whether it is 
made with chemically pure salt or with the ordinary salt of com- 
merce. I’lio temperature coefficient is also smaller than that of many 
other electrolytes. 

* Wiedemann’s Annalcn Bd. vi. (1879) p. 51. 
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For other solutions of sodium chloride he finds that at 18® 

10'*A = 13650i^- 22700/?*, 

where p is the proportion, by weight, of the salt to the whole solution. 
For the particular solutions examined by Cavendish we have 


1 resistance in resistance found 

P ^ terms of sat. sol. by Cavendish. 


1 

S-7 8 

2015 

1 

1 

sat. sol. 

• 1 

■fa" 

980 

2-56 

1-91 

salt in 

11 

1 

■SO" 

430 

4-69 

3-97 

salt in 

29 

1 

TTT 

190 

10-58 

8-8 

salt in 

69 

1 

T‘4ir 

94 

21-44 

15-75 

salt in 

142 

1 

TiiTT 

90 

22-39 

20-05 

salt in 

149 

1 

iinni 

13-65 

147-6 

93-02 

salt in 

999 

^QQXS 

4-55 

442-9 

340-85 

salt in 

2999 


Note 34, Art. 626. 

Conductivity of other Solutions* 

Tlie substances mentioned by Cavendish are easily identified, with 
the exception of ‘‘calc. S. S. A.’* and “f. alk, Tlio weiglits of tho 
quantities furnish no indication, for they arc so lai'go as to sliow that a 
dilute solution was used. The letters A and D probably indicate tho 
bottles in which tho solutions were kept. 

The expression f. alk. or fixed alkali occurs in several parts of 
Cavendishes widtings, especially in tho manuscripts lithographed by 
Mr Vernon Harcourt in the llepo-rt of the British Association for 1839. 
It certainly means pearl ashes or carbonate of potash. The full title 
seems to have been alkali fixum veyetahilcy as distinguished from alkali 
fixuni fossile, which is sodic carbonate, and other writers seem to liave 
used the expression fixed alkali for either of these, but Cavendish always 
uses the expression as a synonym for pearl ashes, and distinguishes 
pohissic hydrate by the name of “ sope leys.^' 

Tho conductivity as determined by Cavendish agrees much better 
with potassic carlionate than with potassic hydrate, the conductivity of 
which is much greater. 

It seems likely that calc. S. S. was sodic carbonate, and the con- 
ductivity would agree very well with this explanation, only it is diflicult 
to find among the names in use at the time any which could be written 
in this form. Mr Maijie has suggested Calcined Salsola Soda, The 
burnt seaweed from the shores of tho Mediterranean, fi*oin which soda 
was often extracted was, I believe, called salsola, but I doubt whether 
tho word soda was then in use. 

The weights of the other substances are, when reduced to penny- 
weights, not very far from the equivalent numbers now received, hydrogen 
being taken as the unit 
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The most remarkable exception is common salt itself, the solution 
of which was one in 29, and therefore in 1116 tliero were 37*2 parts 
of salt. Now the equivalent of NaOl is 58*5, which is very much 
greater. 


Besides this the conductivity of a solution of salt in 29 of water 
would be much less in comparison with that of tlie otlicr solutions 
than would ap|>ear from Cavendish’s results, whereas if we assume 
that the molecular strength of the salt solution was really the same as 
tluit of the other solutions, the numbers do not differ much fromithose 
given by Kohlrausch. 


The following table shows the results obtained 
Kohlrausch. 


Name given by 

Modern 

Weight 
iistnl by 
Caveiulish. 

Mndorn 

Cavciulisli. 

Symbol. 

eqiiiviilrnt. 

Soa Salt 

NaCl 

37*2? 

68*5 

Sal Sylvii 

KCl 

74 

74*6 

Sal Ammoniac 

NH4CI 

61 

63*5 

Calcined Glauber’s 
Salt 

iNa.,SO, 

69 

71 

Quadranp[ular Nitre 

NaNO- 

89 

85 

Calc. S.S. ANa.CO.. ? + .rILO 

1 .346 

83hl8aj 

f. alk. 

iKgCOa 

139 

99 + 18a; 

Oil of Vitriol 

JHCl+rcHaO 

48 

49 

Spirit of Salt 

130 

3C*6 + 18aj 


by Cavendish and by 


Condtiftivity 

ronduc’tivity 

found by 

found l>y 

( 'iivnid sb. 

Kobirauseb. 

(Sou Salt = 1.) 

(NaCl 1.) 

1-00 

1*00 

■ 1*08 

1-21 

113 

1*17 

0*090 

0*95 

0-887 

0-91 

0-852 

0*72 

0-819 

0*90 

0-783 

1*23 

1*72 

1-97 


The theory of the electric resistance of electrolytes has been put on 
an entirely new footing by M. F. Kohlrausch, who has not only measured 
the resistance of a largo number of solutions of different strengths and 
at different temperatures, but has discovered that the conductivity of a 
dilute solution of any electrolyte in water is the sum of two quantities, 
which we may call the specific conductivities of the com][)onents of the 
electrolyte, multiplied by the number of electro-chemical equivalents of 
the electrolyte in unit of volume of the solution. (Since the components 
of an electrolyte are not themselves electrolytes, it is manifest that 
they can have no actual conductivity, but the number to which we may 
give that name is such that when any two ions are actually combined 
into an electrolyte, the conductivity of the electrolyte depends on the 
sum of their respective numbers.) 

Kohlrausch has also calculated the actual average velocity in millimetres 
per second with which the components are carried through the solution 
under an electromotive force of ouq volt per millimetre; and on the 
hypothesis thiit the components are charged with the electricity which 
travels with them, he has calculated the force in kilogrammes weight 
which must act on a milligramme of the component in order to make 
its average velocity in the solution one millimetre per second. 

It appears to mo that the simplest measure of the specific con- 
ductivity of an ion is the time during which we must suppose the 
electric force to act upon it so as to generate twice its actual average 
velocity. If we suppose that all the molecules of the ion are acted on 
by the electromotive force, but that each of them is brought to rest by 
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a collision with a molecule of the opposite kind n times in a second, then 
the avemge velocity will be half that which the force can communicate 
to the molecule in the part of a second. 

According to the theory of Clausius, it is only a small proportion, 
say l/p, of the molecules, which, at any given instant, are dissociated 
from molecules of the other kind, so as -to be fi-ee to move under the 
action of the electromotive force, so that we must sui)pose each of the 
free molecules to continue free for a time^;7^j but since the proportion 
of free molecules to combined ones is quite unknown, the only definite 
result wo can obtain from Kohlrausch’s data is a certain very small 
time T, such that if the electromotive force acted on the molecules of 
the component during the time T, it would impress on them a velocity 
twice their actual average velocity. 

Since the time T is very small, it is more convenient to speak of 
the molecule being brought to rest n times in a second, and to cal- 
culate n. 


Salts with 
univalent acids. 

n X lO-'" 

T X 

Univalent 
Metals with bi- 
valent acids. 

n X lO-’" 

TxlO 

H 

15941 

0273 

H, 

2G732 

3741 

K 

2354 

42480 

K. 

2844 

35160 

NH, 

5297 

18880 

(Nil.). 

6719 

14883 

Na 

6131 

10310 

Na, 

8730 

11455 

].i 

30214 

3310 

Li. 

55430 

1804 


1030 

97087 

Aff. 

1275 

78431 

Cl 

2551 

39200 

SO, 

2303 

43384 

Ur 

1030 

97087 


4071 

24564 

I 

637 

156986 




F 

7848 

. 12740 

Bivalent Metals 



CN 

3433 

29129 

with SO 4 . 



NO, 

1569 

63735 

Mg 

26480 

3776 

CIO, 

1324 

75529 

Zn 

11281 

8865 

c.n,o. 

3286 

30432 

Cu 

11772 

8496 

|Ba 

2207 

45310 

SO, 

4218 

23708 

ASr 

3581 

27925 




ACa 

8681 

11520 




|Mg 

16180 

6180 




|zn 

6817 

14670 




ACu 

4806 

20807 





Note 35, Art. 054. 

On the Ratio of the Charge of a Ghhe to that of a Circle of the eame 

Diameter. * 

The true value of this ratio is 1*570796.... 

Cavendish has given several different values as the results of his 
experiments. 
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In tlie account of his experiments, which represents his most matured 
conclusions, he states this ratio as 1*57 (Art. 237). 

All the other values, however, either as stated by Cavendish or 
as deduciblo from his experiments, are lower than this. 

In Art. 281 the charge of the globe of 12*1 inches diameter being 1, 
that of a circle 18-5 inches diameter is given as -992. TJie ratio of the 
cliarge of a globe to that of a circle of equal diameter as deduced from 
this is 1*54:2. 

In Art. 445 the charge of the globe is compared with that of 
a pasteboard circle of 19*4 inches diameter. Cavendish gives the actual 
observations but does not deduce any numerical result from them, which 
sliows that he did not attach much weight to them. As they seem to 
be the earliest measurements of the kind, I have endeavoured to in- 
terpret the observations by assuming that the positive and negative 
separations were equal when the observations are qualified in the same 
words by Cavendish. 

I thus find 14*2 or 14*3 for the charge of the globe, and 15*2 for 
that of the circle, and from these we deduce for the ratio of the charge 
of a globe to that of a circle of equal diameter 1*5054. 

In Art. 456 the ratio as deduced by Cavendish from the observations 
on the globe and the tin circle of 18*5 inches diameter is 1*56. 

From the numerical data given in the same article, the ratio would 
be 1*554. 

Cavendish evidently thought the result given hero of some value, for 
ho quotes it in the foot-note to Art. 473. 

Another set of observations is recorded in Art. 478, from which we 
deduce the ratio 1*561. 

t 

It appears by a comparison of Arts. 506 and 581 that Cavendish, at 
the date of the latter article (which is doubtful), supposed the ratio to be 
1*5. (See foot-note to Art. 581.) 

At Art, 648 the ratio is stated as 1*54. 

At Art. 654 measures are given from which we deduce 1*542 and 
1*37. 

The numbers in Art. 682 are the same as those in Art. 281. 
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The referenees are to tiie Articles. 


A. 

A, coated plate of glass so called, ** First 
got” 689, 692; Naime’s 693, 314 

A, Double 333, 451, 465, 461, 478, 483, 
487, 489, 491, 608, 609, 633, note 35 

Absorption, electric 523, note 15 
Accuracy of measurements 261 
Adjustment of charges of coated plates 
316 

^pinuB (Franz Ulrich Theodor, b. 1724, 
d. 1802) 1, 134, 340, 549 
.Spinas’ experiment 134, 340, 549 
Air between plates nOt charged 344, 
845, 611, 516 ; communication of 
electricity to 118 — 126, 208, note 9 ; 
electric properties of 99 ; electrified 
117, 256; molecular constitution of 
97 and notes 6 and 18; electric phe- 
nomena illustrated by moans of 206 ; 
plate of 134, 310, 467, 517, 660 
Alder 590 
Allowance 650 

Apparatus for trying charges 240, 295 
Appendix 176, 277, 317, 348 
Ash 590 

Assistant 242, 560 
Atmospheres, electric 195—198 
Attraction 106—117, 197, 202, 210, note 
8 : not caused by Torpedo 408 

B. 

B, . coated plate 593 

B, Double 465—467, 478, 483, 489 
BaJdng varnished plates 496 
Ball of thermometer tube 538 
Barometer tubes as Leyden vials 636 
Basket for Torpedo 615 

M. 


Basket salt 628 

Battery of Florence flasks 621 ; of 49 
jars 411, 432, 581 ; Nairne’s 585, 616 
Beccaria, Giacomo Battista (1716—1781) 
136 

Beech 590, 609 
Bees’-wax 336, 371, 376 
Bird’s instrument, 469 
Blighted straw 664 
Brass plate of trial plate 297 
Brass plates 511, 616 
Breaking of electricity through plates 
520 

C. 

Calc. S. S. A. 626, 694 and note 34 
Calibration of tubes 382, 383, 632 — 636 
Calipers 459 

Canal 40, 68, 69 ; bent 48, 49, 84 — 95 
and note 3 

Canton, John, F.R.S. (1718—1772) 117, 
205 

Cement 303, 484, 497 
Centre of saspension 388 
Chain 425, 428, 431 
Chain machine 433, 605, 613 
Charge defined 237 ; does not depend 
on material 68 ; .of similar bodies as 
diameters 71 ; of thin plate indo- 
pendent of thickness 73 ; of condeti- 
sers not affected by other bodies 317, 
443, 555; of coated plates greater 
than by theory, 332 ; * intended * 316 ; 
* computed* 311, 326, 377, 468; ‘real* 
313, 377 ; with strong electrification 
356, 357, 451, 639 ; with weak 368, 
463, 539 ; with negative 463 ; effect of 
temperature^ 366 ; measurements of, 
29 
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see Tables ; of battery 412 ; divided 
288 

Charging jar 223, 225 
Circles 273 

Circuit, divided 397, 417 
Coated plates 300, 314, 441 ; theory of, 
74, 160, 169 ; lists of, see Tables 
Coatings, electricity does not reside in 
133 

Column 145— -147 

Communication 100, 219 ; of charge to 
battery 414, 618 
Comparison of charges 236 
Compound plate 379 — 381, 560, 677 — 
679* 

Compression (or pressure) 179 ; distin- 
guished from condensation 200 
Computed charge 311, 312 
Condensation distinguished from com- 
pression 200 

Conduction by hot glass 369 
Conductivity 469, 491 ; of stravrs 665 
Conductor defined 98 
Cone, attraction on particle at vertex 7 
Conical point, escape of electricity from 
124 and note 9 

Contact 306 ; impossible 196 note ; of 
brass and glass 541, 558 
Copper wire, resistance of 636 — 646 
Cork balls 116, 117, 441, 451 
Counterpoise 295 

Crown glass 301, 330, 378, 411, 430, 
585, 595 

Cylinder 64, 148 — 151 ; charge of 281, 
285 — 287 and note 12; two 152 and 
note 13 ; glass coated 3S2, 454, 479 ; 
large tin 358, 539 and note 25 

D. 

D, coated plate 483, 487 
Deal 690, 609 
Deficient fluid 67| note 
Definitions : 

Canal 40 
Charge 237 
^Communication 100 
Compression 199 
Computed charge 311 
Condensation 200 
Conductor 98 


Deflcient fluid 67, note 

Distance of spreading 328 

Electrification 102, 201 

Immoveable fluid 12 

Inches of electricity, circular 458, 648 ; 

globular 654 ; square 648, 654 
Incompressible fluid 69 
Insulation 100 
Non-conductors 98 
Observed charge 325 
Overcharge 6, 201 
Beal charge 313 
Bedundaiit fluid 13 
Saturated body 6 
Undercharge 6 

Degrees of electrification 329, 356; of 
electrometer 560, note 
Dephlegmated wax 371, 375, 518 
Discharge, divided 397, 417, 576, 597, 613 
Distance to which electricity spreads 
309, 323, 328 

Dividing machine 341, 459, 517, 591 
Divisions of trial plate 297 
Double plates 333 

E. 

E. and P. 467 
Earth connexion 258, 271 
Electric organ of torpedo 396, note 29 
Electricity an elastic fluid 195 ; diffused 
through bodies not electrified 216 ; 
. inches of 647, 648 

Electrification, degree of 102, 201 and 
note 7 

Electrodes, large 258, 271 
Electrometer : 

Cavendish’s discharging 402, 405, 427, 
430, 434 

gauge (paper cylinders) 224, 248, 295, 
495, 511, 524, 542, 559 ; new wood 
525, 563 

Divisions of 560, note 
Henly’s 559, 568, 570, 571, 580 ; on 
rod 569 

Lane’s 263, 829, 659, 669, 670, 671, 
680, 689, 603, 604 
Paper cylinders 486 
Pith ball 581 

Straw 249, 404, 559, 570, 571, 681 ; 
with variable weights 387; corks 
441, 451, 566 
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Testing 244, 296, 858, 859 
English plate glass 801, 496 
Equivalent thickness of compound plates 
379 

Error, greater with coated plates than 
with simple conductors 299 ; probable 
of estimation of capacity 250, 261; 
in Exp. I. 234 ; due to unequal charg- 
ing^250 

Excess of redundant fluid in coated 
plates 560 and note 30 
Experiment I. 218, 233, 291, 512, 562 

• and note 19 

II. 235, 292, 561 

III. 265, 467 

IV. 269, 293, 471, 480, 481 

and note 20 

V. 273, 447, 448, 452, 454, 

472, 473, 474, 475, 681 

and note 21 

VI. 279, 453, 476, 477, 683 

VII. 281, 448, 478, 682 and 

note 13 

VIII. 288, 542 and note 23 

F. 

Fair straw 564 
f. alk 627, 694 
Flannel 514 

Floor, effect of 335 * 

Florence flask 521 ; battery 521 
Fluid, electric 195, 216, note 1; real 91; 
incompressible 69, 94, 236, 273, 276, 
278, 294, 348 and note 3 
Force near an electrified surface 154 ; 
inversely as square of distance 232, 
512, 513, 562 and note 17 
Fore and back room 469 ' 

Frame placed below circles 274 
Frames 221 

Franklin, Benjamin, F.B.S. (1706 — 
1790) 350 note, 363 

Fringe of dirt on coated plates 308, 326, 
538 ' 

G. 

Garden, copper wire stretched round 
643 

Gauge electrometer 224, 248 


General conclusion 291 
Gilt straws 249, 394, 667 
Glass, different electric qualities of 801, 
322 

Glass house 378 
Glauber’s salt 626, 694 
Globe, charge of compared with that of 
circle 237, 282, 445, 455, 456, 654, 
681, 687, note 35 

Globe, electrified 20 — 27, 280 ; capacity 
of 281, 282; compared with double 
plate 333, 334 

Globe, meaning the world 214 
Globe of electrical machine 248, 495, 
563, 568, 569 

Globe within hemispheres 218, 512, 562, 
note 19 

Globes, coated 523, 542, 559, 563 
Gradual spreading of electricity 302 
Guide for the eye 249, 525, 571 
Gum lac 371, 374, 376 
Gymuotus 437, 601 

H. 

Hamilton, Dr, Prof, of Philosophy, 
Dublin (Priestley, p. 429) 126 
Heat, effect on charge of glass, &g, 366, 
368, 548, 649, 550, 680, note 26 
Heat produced by current 212 
Height and size of room 335 
Hemispheres 219 

Henly (William, F.R.S., d. 1779); linen 
draper in London; his electrometer 
659, 568, 569, 580 
Hissing noise before spark 213 
Hot glass a conductor 369, note 26; 

compared with cold 366, 368 
Hunter (John, F.B.S. , b. 1728, d. 1793) 
436, 601, 614 

Hygrometer corks 459 ; Smeaton’s 468 ; 

common 468 
Hypothesis 3, 202 

L 

Immoveable fluid 12, 351 
Inches of electricity 458, 648, 654 « 
Incompressible fluid 40, 236, 273, 276, 
278, 294, 348 and note 3 
Increase of charge of globe due to in- 
duction 339, 652 and note 24 
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Induction 44—47, 175—194, 277, 287, 
202 sq., 275, 277, 288, 334, 335 ; cal- 
culation of 338 

Instantaneous spreading of electricity 
307, 319^323, 326 
Insulation 100 

Iron, conductivity of 398, 576, 687, note 
32 

Jar 223 ; capacity of jars 573, 581 

K. 

Kinnerslcy (Ebenezer, Physician in Phil- 
adelphia, b. 1712) 126, 136, 213 ; see 
new experiments of electricity, PML 
Tram. 1763, 1773 
Knob for discharging 511, 572 

L. 

Lac 371, 374, 376, 518, 520 
Lac solution 494 

Lane, Timothy, F.R.S. (b.l734, d. 1804) 
136, 213, 601 

Lane*s electrometer 263, 329, 540, 544, 
559, 569, 570, 571, 580 
Law of electric force from Exp. I. 291, 
note 19 

Leakage, electric 260, 264, 393- 
Leather 608 

Leyden vial 128, 206, 313, 363, 389 
Light, Newton’s fits 354 
Light round the edge of coating 307,. 
326, 532^; brightest at first charging, 
310 

Limetree wood 588, 611 
Linen thread 244 
Lines of discharge of torpedo 400 
Link 602 

Loops of chain 433, 605 

M. 

Machine for trying coated plates 295,. 
3|7, 340, 366, 495 ; new for measuring 
tMokness 517 
Machine, electric 242 
Magazine of electricity 207, 521, 563 
Mahogany 590 
Matter 4 

Maximiim density of -electric fluid 20 
and note 1 


Measurements of apparatus 219, 255, 
273, 275, 466, 472 
Mechanism for Exp. I. 222 
Mercury 366 

Metals, conducting power 397, 398 

Method of trying charges 241, note 17 

Method of the work 2 

Michell (Bey. John, F.B.S., d. 1793) 354 

Mineral water warehouse 415 

Moist wood 392 

Moment, statical 388 

Moveable electricity m glass 350 

Moveable fluid 12, 350 

N. 

Nairne, Edward, F.B.S., d. 1806 ; Mr N. 
601 ; plates from 482 (315) ; jar 568 ; 
electric machine 559, 568 ; his own 
large one 580 ; his manner of lacquer- 
ing 496 ; his batteries 585, 616 
Needle discharger 572 
Negative electrification 463 
Newton 18, 19, 97 
Newton’s fits 354 
N. 0. P. Q. 459, 462, 592 
Nuremberg glass 301, 376, 497 

O . 

Oblong, charge of 281, 479; coatings 
320 

Oil of vitriol 626, 694 
Overcharge 6 

P. 

ratio of charge spread uniformly on 
disk to th^t collected in circumference 
140; estimated value by experiment 
276, 281, 289 

p= ratio of circumference of circle to 
diameter 594 

Penetration of electric fluid into glass 
132, 169—174, 332, 339, 349, 355, 363 
Pensylvania, Phil. Soc. of 437 
Pith ball electrometer 220, 240, 244, 
358, 359 

Plate air 134, 340 ; concave 155 ; circu- 
lar 65— 65, 140; thin 73 
Plates, coated, lists of 315, 324, 325, 
370 ; theory of 129 ; two circular 74, 
82, 141—144 
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Points, discharge of electricity by 123 
Positive electrification 100, 101 ; defined 
to be that of glass 217 ; gives same 
proportion of charges as negative 364 
Potential 199 (note) 

Priestley (Joseph, F.R.S., LL.D. Edin., 
b. 1733, d. 1804) 125, 126, 213, 354, 
408, 601 

Prime conductor 241, 295, 359, 539 
Prop.* IX. 292 
XVIII. 269 
XIX. 140 
XXII. cor. 5, 140 
XXIV. 144, 150 

XXIX. 282 

XXX. 289 

XXXI. 286 
XXXTV. 311 
XXXV. 351 
XXXVI. 365 

Pulleys 295 

Q. 

Quad, nitre 626, 696 

B. 

R. 584, 691, 603 
Rain water 524 
Real charge 313 
Real fluid 91, 94 
Reciprocity of induction 334 
Reduced charge 270, 272 
Redundant fluid 13 
Reel 636, 644 

Repulsion 106 ; of .balls as square of 
redundant fluid 386, 525, 563 
Repulsion, effect of too great 49 
Resistance, electric, varies as length of 
conductor 131 ; what power of ve- 
locity 574, 575, 629,. 686 ; effect of 
heat on 619, 620, 690 
Richard 511, 565 
Ronayne, Thomas 601 
Rosin 336, 371, 461, 464, 488 
Rosin varnish 497; experimental 514, 
520, 548 ; plates 518, 555, 560, 594 
Roughness dissipates electricity 387 
Rows of battery 681 

Rules for trial 'plates 592; for strength 


of salt water 588; for measuring 
charge of battery 412, 441, 582 

S. 

Sal Amm. 626, 694 

Sal Sylvii 626, 694 

Salt wateri resistance of 398, note 33 

Salted threads 259 ; straws 394, 565 

Sand, wet 608 

Saturated solution ss. 524, 617 
Saturation (electric) 6 
Scale of electrometer 249, 560, 571 
Sea water 524 

Sealing-wax 219, 340, 511, 542 
Sensitiveness of electrometer increases 
with charge 246 

Shock 207 ; increased by passing through 
copper wire 639 ; by points and knobs 
compared 572 
Shock mcltcr 586, 622 
Shock of torpedo 397, 436; intensity, 
law of, 607, 610, 573, note 31 
Silk strings 241, 266, 295, 358, 447, 450, 
472, 611 

Similar bodies, charge of 66, 72 
Sliding coated plate 488 
Slit coatings 321 

Sound before spark 139 ; resistance 
tried by 637, 645 

Spark, electric 135 — 139, 212 ; nonefrom 
torpedo 401 ; length does not depend 
on number of jars 402, 604, note 10 
Specific gravity of salt water 587, 588 
Specific inductive capacity 332, 339, 
notes 15, 27 
Spherical shell 18, 19 
Spirit of salt, 627, 694 
Spirit of wine 524, 631 
Spreading of electricity 299—367, 484, 
485, 512 ; gradual 494—500 
Springing wire 296 

Square, charge of 282, 283, 479 and note 
22 ; plates of various substances 269 
Steam, cause of explosion by lightning 
137 

Stool, electric 420, 612 
Strata, conducting, in glass 351, 35*4 
Strengih of electrification 355 ; effect on 
capacity 356, 451, 463, 539 
System of coated plates 316 
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Tabled 

Coated plates 315, 824, 325, 370, 442, 
462, 482, 500, 592, 593, 662, 663, 671 
Cylinders 383, 503, 596 
Electrometers 568, 570 
Exp.m 267; Exp. IV. 269, 270 
Exp. V. 274, 275, 454, 473, 649, 681 
Exp. VI. 279, 449 ; Exp. VH. 281, 682 
Hot glass 368 
Jars 573 

Plates of air 343, 519, 670 
Plates of wax, &o. 371 
Sliding plates 589 
Specific gravity 595 
Solutions of salt, &c. 689| 694, 695, 
696 

Trial plates 465 
Tubes 575, 632, 633, 636 
Thermometer tube 383, 562 
Thickness of plates, effect on charge 
269, 272 ; of coated plates 314 ; of air 
plates 341 ; measurement 517, 594, 
595 

Three parallel plates 288 
Tinfoil 222 ; discharger 426 
Torpedo, 1st wooden 409, 415, 596 ; 2nd 
leather 416, 600, 608, 611, 612, 615; 
in basket 421; in sand 422; in net 
424. See note 29 

Touching, to compare charges 413, 441, 
582, 583 

Trial plate, theory of 153 and note 17 ; 
list of 590; description of 238, 239, 
296, 297, 298, 454, 457, 465, 592; 
charge as square root of surfai;^ 247, 
251, 284; sliding wire 447; sliding 
cylinder 547, 567 
Trough, torpedo 410, 587 
Tubes, measures of 632 — 635 

U. 

Undercharge 6 


Usual degree of electrification, length of 
spark ^ in^, 263, 329, 859, 520 ; why 
so weak 264 

V. 

Vacuum 99, 212, 213 
Varnish 304, 494 
Vermilion 494, 497 
Vessel, conducting 51 — 53 
Vial, Leyden 240 ' 

Vial, third made 441 
Vitriol, oil of 626, 696 


W. 

Wainscot 561, 590, 609 
Walsh (John, F.K.S.,M.P., d. 1795) 395, 
396, 401, 415, 421, 424, 430 
Wasting of electricity 393, 394, 486, 487 
Water, resistance of 398 ; distilled 617, 
621, 688 ; rain 617 ; purged of air 

624, 692 ; impregnated with fixed air 

625, 693; pump 684; sea 524, 684 
Wax 387 

Waxed glass 255, 271, 295, 447, 450, 476, 
541, 563 

Weather, effect of on coated plates 304 
Weight of electric fluid 5 
White glass 301, 460 
Wilcke (Johann Earl, b. 1732, d. 1796) 
134 

Williamson, Hugh, M.D. 437 
Wilson (Benjamin, F.B.S., b. 1721, d. 

1788) 125 
Wind, electric 125 

Wire 219, 240 ; charge of 279, 479, 683 ; 
trials of 447, 448 ; connecting, allow- 
ance for 337; in straw electrometer 
387, 388 

Wires compared with canals of incom- 
pressible fluid 94, 278 and note 3 
“Work,” MS. BO called 349 
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THE CAMBRIDGE PARAGRAPH BIBLE 

of the Authorized English Version, with the Text Revised by a Collar 
tion of its Eariy and other Principal Editions, the Use 0f the Italic 
Type made uniform, the Marginal References remodelled, and a Criti 
cal Introduction prefixed, by the Rev. F. H. Sci^ivener, M.A.,LL.D., 
Editor of the Greek Testament, Codex Augiensis, &c., and qpip of 
the Revisers of the Authorized Version. Crown Quarto, cloth, gilt, 2ij. 


From the Times, 

''Students of the Bible should be particu- 
larly grateful to (the Cambridge University 
Press) for having produced, with the able as- 
sistance of Dr Scrivener, a complete critical 
• edition of the Authorized Version of the Eng-^ 
lish Bible, an edition.sucH as, to use the words 
of the Editor, ‘would have been executed 
long ago had this version been nothing more 
than the greatest and best known of English 
classics.’ Falling ara time when the formal 
revision of this version has been undertaken 
by a distinguished company of scholars and 
divines, the publication of this edition must 
be considered most opportune.” 

From the AtJunaum. 

"Apart from* its religious importance, the 
English Bible has the glory, which but few 
sister versions indeed can claim, of being the 
chief classic of the language, of having, in 
conjunction with Shakspeare, and in an im- 
measurable degree more than he, fixed the 
language beyond any possibility of important 
change. Thus the recent contributions to the 
literature of the subject, by such workers as 
M r Francis Fry and Canon W estcott, appeal to 
a wide range of sympathies; and to these may 
now be added Dr Scrivener, well known for 
his labours in the cause of the Greek Testa- 
ment criticism, who has brought out, for the 
Syndics of the Cambridge University Press, 
an edition of the English Bible, according to 
the text of i6ii, revised by a comparison with 
later issues on principles stated by him in his 
Introduction. Here he enters at length into 
the history of the chief editions of the version, 
and of such features as the marginal notes, 
the use of italic type, and the changes of or- 
thography, as well as into the most interesting 
question as to the original texts from which 
our translation is produced.” 

From the Spectator, 

"Mr. Scrivener has carefully Collated the 
text of our modern Bibles with that of the 


first edition of x6xx, restoring the original 
reading in most places, and marking every 
place where an obvious correction nas been 
made ; he has made the spelling as uniform 
as possible ; revised the punctuation (puncl- 
tuation, as those who cry out for the Bibles 
withopt note or comment should remember, . 
is a^ continuous commentary on the text); 
carried out consistently the plan of marking 
with italics all words not found in the original, 
and carefully examined the marginal refer- 
ences. The name of Mr. Scrivener, 4be 
learned editor of the ‘ Codex Augiensis,* 
guarantees the quality of the work.” 

From the Methodist Recorder, 

" This noble quarto of over X300 pages is 
in every respect worthy of editor and pub- 
lisj^ers alike. The name of the Cambndge 
University Press is guarantee enough for its 
4)erfection in outward form, the name of the 
editor is equal guarantee for the worth aiid 
accuracy of its contents. Without question, 
it is the best Paragraph Bible ever published, 
and its reduced price of a guinea brings it 
within reach of a large number of students. . 
But the volume is much more than a Para- 
CTaph Bible. It is an attempt, and a success- 
ful attempt, to give a critical edition of the 
Authorised English Version, not (let it be 
marked) a revision, but an exact reproduc- 
tion or the original Authorised Version, as 
published in 161 x, minus patent mistakes. 

■ This is doubly necessary at a time when the 
version is about to undergo revision. . . To 
all who at this season seek a .suitable volume 
for presentation to ministers or teachers we 
earnestly commend this work." ^ 

From the f^ofidon Quarterly Review^ 

"The work is worthy in every respect of 
the editor’s fame, arid of the 'Camoridge ' 
University Press. The noble English Ver- 
sion, to which our country and religion' owe 
so much, was probably never presented be- 
fore in so perfect a form.” 


THE CAMBRIDGE PARAGRAPH BIBLE. 
Student's Edition, on good writing paper^ with one column of 
print and wide margin to each page for MS. notes. This edition will 
be found of great use to those who are engaged in the task of 
Biblical criticism. Two Vols. Crown Quarto, cloth, gilt, 31J. 6</. 
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of 1871 . Crowix Octavo^ cloth, 6 d. 
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24mo. Cloth, IS. 6 d. 

The same in square 32mo, cloth, Sd. 

“The ‘Pointed Prayer Book' deserves and still more for the terseness. and clear- 
ihention for the new and ingenious system ness of the directions given for using it.*’— 
on Jiirhich the pointing has been marked* Times, 

THE CAMBRIDGE PSALTER, 

for the use of Choirs and Organists. Specially adapted for Congre- 
gations in which the “ Cambridge Pointed Prayer .Book” is used. 
Deniy 8vo. cloth. 

GREEK AND ENGLISH TESTAMENT, 
in parallel Columns on the same page. Edited by J. Scholefield,. 
M.A. late Regius Professor of Greek in • the University. Small 
Odiavo. New Edition, with the ‘Marginal Refere’nces as arranged 
and revised by Dr Scrivener. Cloth, red edges. 7s, 6d, 

GREEK AND ENGLISH TESTAMENT, 

The Student's Edition of the above, on writing paper. 4to, 

cloth. \ 7 .S. 

GREEK TESTAMENT, 

ex editione Stephani tertia, 1550. Small Ocflavo. 3s. 6 d. 

THE GOSPEL ACCORDING TO ST MATTHEW 

in Anglo-Saxon and Northumbrian Versions, synoptically arranged: 
with Collations of the best Manuscripts. By J. M. Kemble, M.A. 
and Archdeacon Hardwick. Demy Quarto. io.r. 

THE GOSPEL ACCORDING TO ST MARK 

in Anglo-Saxon and Northumbrian Versions synoptically arranged: 
with Collations exhibiting all the Readings of all the MSS. Edited 
by the Rev. Professor Sk^at, M.A. late Fellow of Christ's College, 
and author of a Mceso-Gothic Dictionary. Demy Quarto. loj. 

THE GOSPEL ACCORDING TO ST LUKE, 

uniform with the preceding, edited by the Rev. Professor Skeat, 
D^my Quarto., jos. 

^ THE GOSPEL ACCORDING TO ST JOHN, 

uniform with the preceding, by the same Editor. Demy Quarto. loj. 

, “ TAe Gospel according to St yohn^ in have left nothing undone to prove himself 
An^lo-Saxon and Northumbrian Versions: equal to his reputation, and to produce a 

Edited for the Syndics of the University work of the highest value to the student 
Press, by the Rev. Walter W. Skeat, M.A. , of Anglo-Saxon. The design was indeed 

Elrington and Bosworth Profes.sor of Anglo- worthy of its author. It is difficult to ex- 
Saxon in the University of Cambridge, aggeratc the value of such a set of parallel 
completes an undertaking designed ana texts. In these volumes oldest English lies 
commenced by that distinguished scholar, before us in 'various stages, and in at least 

J. M. Kemble, spme forty years ago. He two welhmarked dialects. ^ . . Of the par- 

was not himself permitted to execute his ticular volume now before us, we can only 

scheme ; he died before it was conmleted say it is worthy of its two predecessors. We . 

for St Matthew. The edition of that Gospel repeat that the service rendered to the study 
was finished by Mr^ subsequently Aroh- of Ahglo-Saxon by this Synoptic collection 
deacon, Hairdwick. The remaining Gospels cannot easily be ovexstAled. -^Contemporary 
have had the good fortune to be editea by Review, 

Profes^r Skeat, whose competency and zeal 

London J Cambridge Warehouse^ 17 . Paternoster Row. 



PUBLICATIONS OF 


THE MISSING FRAGMENT OF THE LATIN 
TRANSLATION of the FOURTH BOOK of EZRA, 
discovered, and edited. with an Introduction and* Notes, and a 
facsimile of the MS., by Robert L. Bensly, M.A. Sub-Librarian 
of the University Library, and Reader in Hebrew, Gonville and Caius 
College, Cambridge. Demy Quarto. Cloth, loi*^ 


“.Edited with ‘true scholarly complete- 
ness .'** — IVestmiftster Review. 

“Wer $ich je mit dem 4 Buehe Esra 
eingehender bc.schiiftigt hat, wird durch die 
obige, in jeder Beziehung musterhafte Pub- 
lication in freudiges Erstaunen versetzt wer- 
den .’* — Tkeologische Literaturzeiiung. * 
**lt has been said of this book that it has 


added a new chapter to the Bible, and. start- 
ling as the statement may at ficst sight ap- 
pear, it is no exaggeration of the actual fact, 
if by the Bible we understand that, of the 
larger si2e which contains the Apocry^a, 
and if the Second Book of Esdras caff* be 
fairly called a part of the Apocrypha.**— 
Saturday Review. 


THEOLOGY— (ANCIENT). 

SAYINGS OF THE JEWISH FATHERS, 

comprising Pirqe Aboth and Pereq R. Meir in Hebrew and English, 
with Critical and Illustrative Notes, By CHARLES Taylor, M.A. 
Fellow and Divinity Lecturer of St John’s College, Cambridge, and 
Honorary Fellow of King’s College, London. Demy 8vo. cloth. los. 


“l*he most promising mode of rendering 
its [the Talmud] valusible parts acce.ssible 
seems to be that ‘of the separate publication 
of the more important tracts with^ a transla- 
tion and critical apparatus. This is what 
Mr Charles Taylor has achieved for the 
interesting Mishnah tract Masseketh Aboth 
*or Pirque Aboth. which title he paraphrases 
as “ Sayings of the Fathers.” These fathers 
are Rabbis who established schools and taught 
in the penod from two centuries before to 
two centuries after Christ. They are the 
men who, living in the age ‘immediately 
succeeding the completion of the Hebrew 
Canon of Scripture, were first able to look 
on that Scripture as a whole and to compare 
passage with passage, discover the bearing 
of one assertion on another, and thus work 
out the first system of Biblical interpretation, 
theology, and ethics. Their system was in 
full vigour ill the time of Christ, and was 
duly imparted to all students — among others, 
of course, to our Lord Himself and to the 
learned Pharisee, St Paul. To a large ex- 
tent it was accepted in the early ages of the 
Christian Churen, and, through ^the authority 
conceded to the Fathers of the Church, be- 
came the unquestioned and orthodox .system 
of interpretation till modern times. Hence 
it is peculiarly incumbent on those who look 
to Jerome or Origen for their theology or 
exegesis to learn something of their Jewish 
preaeces.sors. The New Testament abounds 
with sayings which remarkably coincide with, 
or clo.sely resemble, those of the Jewish 
Fathers; and these letter probably would 
'furnish more satisfactory and frequent illus- 
trations of its text than the Old Testament.** 
•^Saturday Review. 

“The ^Masseketh Aboth* stands at the 
' head of Hebrew non-canonical writings. It 


is of ancient date, claiming to contain the 
dicta of teachers who flourished from b.c. 900 
to the Mme year of our era. Thepreci.se 
time of fts compilation in its present formis. 
of course, in doubt. Mr Taylor*s explana- 
tory and illustrative commentary is very full 
and satisfactory.** — Sfectaior. 

“If we mistake not, this is the first pre* 
cise translation into the English language 
accompanied by scholarly notes, of any por- 
tion of the Talmud. In other words, it is 
the first instance of that most valuable and 
neglected portion of Jewish literature being 
treated in^ the same way as^ a Greek classic 
in an ordinary critical edition. . . The Tal- 
mudic bdbks, which have been so strangely 
neglected, we foresee will be the most im- 
portant aids of the future for the proper un- 
derstanding of the Bible. . . The Sayings 0/ 
the Jewish Fathers may claim to be scholar- 
ly. and. moreover, of a scholarship unusually 
thorough and finished. It is greatly to be 
hoped that this instalm^t is an earnest of 
future work in the same direction ; the Tal- 
mud is a mine tha\ will take years to work 
out .*’ — Dublin University Magazine. 

'* A careful and thorough edition which 
does credit to English scholarship^ ‘of a short 
treatise from the Mishna, containing a series 
of. sentences or maxims ascribed mostly to 
Jewish teachers immediately preceding, or 
immediately following the Cnnstian era. . . 
Mr Taylor has his treasure-house replete 
with Rabbinic lore, and the entire volume 
(especially the “ Excursuses**) is full of most, 
interesting matter. ... We would also call 
special attention to the frequent illustration, 
of phrases and ideas occurring in the New* 
Testameat^’^Centenf/erafy Review, 


London: Cambridge •Warehouse^ 17 Paternoster Row. 



. THE CAMBRIDGE UNIVERSITY PRESS. S 

THEODORE OF MOPSUESTIA. 

The Latin version, of the Comitientary on St Paul’s Epistles^ with the 
Greek Fragments, newly collated by the Rev. H. B. Swete, B.D, 
Rector of Ashdon, Essex, and late Fellow of Gonville and Caius 
College, Cambridge. ' [In the Press. 

SANCTI IRENiEI EPISCOPI LUGDUNENSIS 

libros quinque adversus Haereses, versione Latina cum Codicibus 
Q|^omontano ac Arundeliano denuo tollata, praemissa de placitis 
Gnosticorum prolusione, fragmenta necnon Graece, Syriace, Armeniace, 
commentatione perpetua et indicibus variis edidit W. WiGAN HarVev, 
SrT.B. Collegii Regalis olim Socius. 2 Vols. Demy Odlavo. i&t. 

M. MINUCII FELICIS OCTAVIUS. 

The text newly revised from the original MS., with sgi English Com- 
mentary, Analysis, Introdudlion, and Copious Indices. Edited by 
H. A. Hqldei^, LL.D. Head Master of Ipswich School, late Fellow 
of Trinity College, Cambridge. Crown Odlavo. 7s. 6d.. 

THEOPHILI EPISCOPI ANTIOCHENSIS 
. • LIBRI TRES AD AUTOLYCUM 
edidit, Prolegomenis Versione Notulis Indicibus instruxit Gulielmus 
Gilson Humphry, S.T.B*. Collegii Sandliss. Trin. apud Captabri- 
gienses quondam Socius. Post OiSlavo. 5^. 

. THEOPHYLACTI IN EVANGELIUM 
S. MATTHiEI COMMENTARIUS, 

edited by W. G. Humphry, B.D, Prebendary of St Paul’s, late 
Fellow of Trinity Collego. . Demy Odlavo, yj. 6^. 

TERTULLIANUS DE CORONA MILITIS, DE 
SPECTACULIS, DE IDOLOLATRIA, 

with Analysis and English Notes, by George Currey, D.D. Preacher 
■at the Charter. House, late Fellow and Tutor of St John’s College. 
Crown Odlavo, 5J. 

THEOLOGY— (ENGLISH). 

WORKS OF ISAAC BARROW, 

‘compared with the Original MSS., enlarged with Materials hitherto > 
unpublished. A new Edition, by A. Napier, M.A. of Trinity College, 
Vicar of Holkhani, Norfolk. 9 Vols. Demy Odlavo. y. 

London: Cambridge Warehouse^ 17 Paternoster Row. 



6 


PVBLICATIOJNS OF , 


TREATISE OF THE POPE’S SUPREMACY, 
and a Discourse concerning the Unity of the Chiirch, by Isaac 
Barrow. Demy Odlavo. yj. 

PEARSON’S EXPOSITION OF THE CREED, 
edited by Temple Chevallier, B.D. late Fellow and Tutor of 
St Catharine’s College, Cambridge. Second Edition. Demy Odlavo. 

AN ANALYSIS OF THE EXPOSITION OF 
THE CREED 

written by the Right Rev. Father i^ God, John Pearson, D.D. 
late Lord Bishop of Chester. Compiled, with sotne additional matter 
occasionally interspersed, for the use of the Students of Bishop’s 
College, Calcutta, by W. H. Mill, D.D..late Principal of Bishop’s 
College, and Vice-President of the Asiatic Society of Calcutta ; since 
Chaplain to the most Reverend Archbishop Howley ; and Regius 
Professor of Hebrew in the University of Cambridge. Fourth English 
Edition. Demy Odlavo, cloth, ss. 


WHEATLY ON THE COMMON PRAYER, 

edited by G. E. CoRRiE, D.D, Master of Jesus College, Examining 
*Chaplain to the late Lord Bishop of Ely. Demy Odlavo. yx. 


CiESAR MORGAN’S INVESTIGATION OF THE 
TRINITY OF PLATO, 

and of Philo Judaeus, and of the effedls which an attachment to their 
writings had upon the principles and reasonings of the Fathers of the 
Christian Church. Revised by H. A. Holden, LL.D. Head Master 
of Ipswich School, late Fellow of Trinity College, Cambridge. Crown 
Odlavo. 4 s, . 

TWO FORMS OF PRAYER OF THE TIME OF 

QUEEN ELIZABETH. Nqw First Reprinted. Demy O^avo. 6^ 

From ‘ Collections and Notes* 1867 — of Occasional Forms of Prayer, but it had 

1876, by W 1 Carew Hazlitt (p. 340), we learn * been lost sight of for 300 years.* Bv the 

that — *A very remarkable volume, ill the kindness of the present possessor of this 

original vellum cover, and containing; 25 valuable volume, containing in all 25 distinct 

Forms of Prayer of, the reign of' Elizabeth, publications, I am enabled to reprint in the 

^ each with thp autograph of Humphrey r^son, following pages the two Forms of Prayer 

has lately fallen into the hands of my friend . supposed to have been lost .** — Extracifrom 

Mr H. Pyne. It is mentioned specially in the Prefacb. 
the Preface to the Parker Society’s volume 


Lfindon: Cambridge Warehouse^ ly Padernoster Row. 



7 


THE CAMBRIDGE UNIVERSITY PRESS.^ 

SELECT DISCOURSES, 
by John Smith^ late Fellow of Queens' College, Cambridge. Edited by 
H. G. Williai^s,»B.D. late. Professor of Arabic. Royal Odlavo. ys , 6 d » 

'*The * Select Discourses' of John Smith, "It is necessary to vindicate the distinc- 

collected and published from his papers after tion of these men, because histo^ hitherto 
his death, are, in my opinion, much the most has hardly done justice to them. They have 
considerable work left to us by this Cambridge been forgotten amidst the more noisy parties 
School [the Cambridge Platonists]. They of their time, between whom they sought to 
have a right to a place in English literary mediate...: What they really did for the cause 
history.” — Mr Matthkw Aknold, in the of religious thought has never been ade- 
Cofitetnporary Review. quately appreciated. They worket^with too 

^**Of all the prodiiets of the Cambridge little combination and consistency. But it is 
Senool, the 'Select Discourses' are perhaps impossible in any f-eal study of the age not to 
the highest, as ^ they are the most accessible recognise the significance of their labours, or 
and the most widely appreciated... and indeed to fail to see how much the higher movement 
no spiritually thoughtful mind can road them of the national mind was due to them, while 
unmoved. They carry us so directly into an others carried the religious And civil struggle 
atmosphere of divine philosophy, luminous forward to its sterner issues.” — Principal 
with tne richest lights of meditative genius... Tulloch,' Theology in England 
He was one of those rare thinkers in whom in the x-jih Century, 

largene.ss of view, and depth, and wealth of **,We may instance Mr Henry Griffin 

poetic and speculative insight, only served to Williams’s revised edition of Mr John Smith’s 
evoke more fully the religious spirit, and 'Select Discourses,' which have' won Mr 
while he drew the mould of his thought from Matthew Arnold’s admiration, as an example 
Plotinus, he vivified the substance of it from of worthy wprk for an (Jiiiversity Press to 
St Paul." undertake.” — Times. 

THTE .HOMILIES, 

with Various Readings, and the Quotations from the Fathers given 
at length in the Original Languages. Edited by G. E. CORRIE, D.D. 
Master of Jesus College. Demy 0 <ftavo. *js, 6d, 

DE OBLIGATIONE CONSCIENTIiE PREELEC- 
TION ES decern Oxonii in Schola Theologica habitae a Roberto 
Sanderson, SS. Theologiae ibidem Professore Regio. With English 
Notes, including an abridged Translation, by W. Whewell, D.D, 
late Master of Trinity College. Demy bdlavo. Js. 6d, 

• 

ARCHBISHOP USHER’S ANSWER TO A JESUIT, 

with other Tradls on Popery. Edited by J. Scholefteld, M. A. late 
Regius Professor of Greek in the University.. Demy Odiavo. 7J. 6d. 

WILSON’S ILLUSTRATION OF THE METHOD 

of explaining the New Testament, by the early opinions of Jews and 
Christians concerning Christ. Edited by T. Turton, D.D. late Lord 
Bish(^ of Ely. Demy Odlavo. 5^. 

.LECTURES ON DIVINITY 

delivered in the University of Cambridge, by John Hey, D.D/ 
Third Edition, revised by T. TuRTON, D.D. late Lord Bishop of Ely. 
2vols. Demy Odlavo. 15s, 
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ABABIC AND SANSEBIT. 

POEMS OF.BEHA ED DIN ZOHEIR^OF EGYPT. 

*With a Metrical Translation, Notes and Introduction, by £. H. 
Palmer, M.A., Barrister-at-Law of tHe Middle Temple, Lord 
Almoneris Professor of Arabic and Fellow of St John’s College 
in the .University of Cambridge. 3 vols. Crown Quarto. 

V6l. I. The Arabic Text. iot. 6 d.; Cloth extra, 15 j. ^ 
VoL II. Enclish Translation. lor. 6 d.; Clotli extra, igs. 

‘‘Profeaor P.lmei’a activitv in adranciifg ..... It is oniy.fair to add that the hook, 
* Arabic scholarship has formerly shown itself by the taste of its arabesque binding, as well 

in the production of his excellent Arabic as by the beauty of the typography, which 

Grammar, and his Descriptive Catalogue of reflects great credit on the Cambridge Uni- 
Arabic MSS. in the Library of Trinity Col- versify Press, is entitled to a place in the 
lege, Cambridge. He has now produced an drawing-room.*' — Times. 

admirable text, which illustrates in a remark- **For ease and facility, for variety of 
able manner the flexibility and graces df the metre^ for imitation, either designed or un- 
language he loves so well, and of which he conscious, of the style of several df our own 

seems to bi perfect master.... The Syndicate .poets, these versions deserve high praise 

of Cambridge University mpst not pass with- We have no hesitation in saying that in both 
out the recognition of their liberality in • Prqf. P^mer has made an addition to Ori- 
bringing.out, m a worthy form, so important ental literature for which scholam should be 
' an Arabic text It is not' the first time that grateful ; and that, while his knowledge of 
Oriental scholarship has thus been wisely ‘ Arabic is a sufficient guarantee for his mas- 
subsidised by Cambridge.**— Mail. tery of the original, his English compositions 

It is impossible to quote this edition with- are distinguished by versaulity, command of 

out an expression of admiration for the per- language, rhythmical cadence, and, as we 

fection to which Arabic typography has been have remarked, by not unskilful imitations of 

brought in England in this magnificent Ori- the styles of several of our own favourite 

ental work, the production of which redounds poets, living and dead." — Saturday Review. 

to the imperishable credit of the University ''This sumptuous edition of the poems of 

of Cambridge. It may be pronounced one of BehA-ed-din Zoheir is a very welcome addi- 

the most b^utiful Oriental books that have tion to the small series of Eastern poets 

ever been printed in Europe : and the learning accessible to readers who are not Oriental- 

of the Editor worthily rivals the techniciU ists. ... In all there is that exquisite finish of 

S !t-up of the creations of the soul of pne of which Arabic poetry is susceptible in so rare 

e most tasteful poets of Isldm, the study a degree. The form is almost always beau- 

of which will contribute not a little to save the tiful, be the thought what it may. But this, 

honour of the poetry of the Arabs. , Here of course, ban only be fully appreciated by 

first we make the acquaintance of a poet who Orientalists. And this brings us to the trans- 

gives^ us something better than monotonous lation. It is excellently well done. Mr 

’ descriptions of camels and deserts, and may Palmer has tridd to imitate the fall of the 

■even be regarded as superior in charm to al original in his selection of the English metre 
Mutanabbl.*’ — Mythology among the Hb- for the various pieces, and thus contrives to 

BREWS TrakslX p. 194. convey a faint idea of the graceful flow of 

“Professor Palmer has produced the com- the Arabic Altogether the inside of the 

plete works of Behd-ed-dfn Zoheir in Arabic, book is worthy of the beautiful arabesque 
and has added a second volume, containing binding that rejoices the eye of the lover of 
an English verse translation of ^ the whole. Academy, 

nalopAkhyAnam, or, the tale of NALA ; 

.. containing the Sanskrit Text in Roman Characters, followed by a 
Vocabulary in which each word is placed under its root, with references 
to derived words in Cognate Languages, and a sketch of Sanskrit 
Grammar. By the Rev. Thomas Jarrett, M.A. Trinity College, 
•Regius Professor of Hebrew, late Professor of Arabic, and formeriy 
Fefiow of St Catharine’s College, Cambridge. Demy Oftavo. ■ lor. 
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THEi CAmESbGB VNIVBRSITY PRESS. • 

GB££K AND I^TIN CLASSICS^ &c. (See also pp. 20 ^ 23 .) 

THE AGAMEMNON OF AESCHYLUS. 

• 

With a Translation in English Rhythm^ and Notes Critical and Ex- 
planatory. By Benjamin Hall Kennedy, D.D., Regius Professor 
of Greek. .Crown OctavOj cloth. 6s. 

• • 

One of the best editions of the master* tion of a graat undertaking.**— Rev. 

piece of Greek tragedy. thetueum. “ Let me say that I think it a most admira* 

“ By numberless other like happy and Ue -piece of the highest criticism Hike 

linreighty helps to a coherent and consistent your Preface extremely; it is just to the 
text and interpretation, Dr Kennedy has point.” — Professor Palsy. 
approved himself a guide to Aeschylus of ** Professor Kennec^ has conferred a boon 

cerminly peerless calibre ” — Contemp. Rev. on all teachers of the Greek classics, by caus- 

' It IS needless to multiply proofs of the ing the substance of his lectures at Cam- 
value of this volume alike to the poetical • bridge on the Agamemnon of .ffischylus to 
translator, the critical scholar, and the ethical be published . . .This edition of the Agamemnoa 
student We must be contented to thank is one which no classical master should bi; 
Professor Kennedy for his admirable execu- without*' — Examiner, 

HEPI AIKAI02TNHS. • 

THE FIFTH BOOK OF THE NiCOMACHEAN ETHICS OF 
ARISTOTLE. Edited by Henry Jackson, M,A., Fellow of TJrinity 
College, Cambridge. Deihy Octavo, cloth. (>s, 

“It U not too much to say that somo of Scholars will ho^ that this is not the only 
the points he discusses have never had so portion of the Aristotelian writings which 
much light thrown upon them before. • . • is likely to. edit”— 

PRIVATE ORATIONS OF DEMOSTHENES, 

with Introductions and English Notes, by F. A. Palev, M.A. Editor 
of Aeschylus, etc. and J. E.- Sandys, M.A. Fellow and Tutor of St 
John's College, and Public Orator in the University of Cambridge. • 

Part I. Contra Phormiohem, Lacritum, Pantaenetum, Boeotum de 
Nomine, Boeotum de Qote, Dionysodorum. Crown Odlavo, cloth. 6 x, 

**Mr Paley*s scholarship is sound and literature which bears upon his author, and 
accurate, his experience of editing wide, and the elucidation of matters of daily life, in the 
if he is content to. devote his learning and delineation of which Demosthenes is SO rich, 

abilities to the production of such manuals obtains full justice at his hands We 

as these, they wul be received with gratitude hope this edition may lead the way to a more 
'throughout the higher schools of the country. general study of these speeches in schools 

Mr Sandys is deeply read in the German than has hitherto been Academy, 

Part 1 1. Pro Phormione, Contra Stephanum I. H.; Nicostratum,’ 
Cononem, Calliclem. yj. 6d. 

** To give even a brief sketch of these in the needful help which enables us to 
speeches \Pro Rhormione and Contra Ste^- form a sound estimate of the rights of the 

pJkanum} would be incompatible with our case It is long since we have come 

limits, though we can hardly conceive a task upon a wqi^k evincing more pains, scholar- 
more useful to the classics or professional snip, and varied research and illustration than 

scholar than to make one for himself. .... Mr Sandys's contribution to the ^ Private 

It is a great boon to those who set them- Orations of Demosthenes*.’* — Sat, Rev,^ 

selves to unravel the thread of aiguments **...... the edition reflects credit dhi 

pro and con to have the aid of Mr Sandys's Cambridge scholarship, and ought to be ex- 
excellent running commentary .... and no tehsively vised,"*~^AtMmtnm. 

one can say that he is ever deficient 
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THE BACCHAE OF EURIPIDES. 

with Introduction, Critical Notes, and Archaeolc^cal Illustrations, 
by J. £. Sandys, .M.A., Fellow and Tutor of St Jow’s College, Cam- • 
bri^^ and Putdic Orator. 

PINDAR. 

OLYMPIAN AND PYTHIAN ODES. With Notes Explanatory 
and Critical, Introductions and Introductory Essays. Editra by 
CAM. Fenneu., M.A, late Fellow of Jesus College. Crown Oc- 
tavo, cloth, gs. , 

"Mr Fennell deaerves the thanks of ail it has a wider interest, as exemriifyins the 

classical students for his careful and scholarly change which has come over the methods^ 

edition of the Olympian and Pythian odes. and aims of Cambridge scholarship within 

He brings to his task the necessary enthu- the last ten or twelve years. . . . The short 

siasm for his authmr, great industry, a sound introductions and i^guments to the Odes, 

judgment, and, in particular, copious and which for so discursive an author as Pindar 

minute learning in comparative philology,. are all but a necessity, are both careful and 

To his* qualifications in this last respect every acute. . . Altogether, this edition is a welcome 

page bears witness.** — Aihetutunt, . and wholesome sim of the vitality and de- 

''Considered simply as a contribution to velopmcnt of Cambridge scholarship, and we 
the study, and criticism of Pindar, Mr Fetr are glad to see that it is to be contmued.** — 
neli*s edition is a work of great merit. But Sa^rday Review* 

THE NEMEAN AND ISTHMIAN ODES. [Preparing. 

PLATO'S PH^DO, 

literally translated, by the late E. M. Cope, Fellow of Trinity College, 
Cambridge. Demy Odlavo. 

. ARISTOTLE. 

THE RHETORIC. • WitK a Commentary by the late E. M. Cope, 
Fellpw of •Trinity College, Cambridge, revised and edited for the 
Syndics *of the University Press by J. E. Sandys, M.A., Fellow and 
Tutor of *St John’s College, Cambridge, and Public Orator. With 
a biographical Memoir by H. A. J. MXJNRO, M.A. Three Volumes^ 
Demy Odlavo. i js, 6d. 

' “This work is in many ways’ creditable to carefully supplies 'the deficiency, following 
the Univereity of Cambridge. The solid mid Mr Cope’s general plan ^d the slightest 
extensive erudition of Mr Cope himself bears available indications of his intended treat* 

none the less speaking evidence to the valuer ment. In Appendices he has reprinted from 
of the tradition which he continued, if it is classical journals several articles of Mr 
hot equally accompanied by those qualities of dope’s ; and.Vhat is better, he has given Ae ' 
speculative originality and in^iependent judg* ^st of the late Mr Shilleto’s * ^versaria.* 
ment which .belong more to the individual In every part of his work — revising, supple* 

writer*than to his school. And while it must menting, and completing~he has aone ex* 
ever be regretted that a work so laborious ceedingly well.** — Examiner, 

should not have received the last touches of “A careful examination of the work shows 
its author, the warmest admiration is due to that the high expectations* of classical stu* 
Mr Sandys, for the manly, unselfish, and un- dents will not be disappointed. Mr Cope's 

fiinching spirit in which he has performed his * wide and minute acquaintance with all the 

most difficult and delicate task. If an English Aristotelian writings,* to which Mr Sandys* 
student wishes to have a full conception of justly bears testimony, his thorough know* 

what is contained in the Rhetoric of Aris- , ledge of the important contributions of mo- 

totle, to Mr Cope's edition he must go.*’— dern German scholars, his ripe and accurate 
Acadewy, ^ scholarship, and above all, that sound judg- 

** Mr Sandys has performed his arduous ment and never- failing good Sense which are 
duties with marked ability and admirable tact. the crowning merit of our best English edi- 

... Besides the revision of Mr Cope’s material ' tions of the Classics, all combine to make 
already referrad to in his own %ords, Mr this one of the most valuable additions to the 

Sandys has thrown in many useful notes; knowledge of Greek literature which we have 

none more useful than those that bring the had for many years.” — S^ctator, 
Qommentary up to the latest scholarship by ^ “Von der Rhetorik isteine neue Aiisgabe 

reference to important works that have ap- mit sehr a^fiihrlichem Commentar erschie- 
peared since Mr Cope’s illness put a period nen. Derselbe enthUlt viet schStzbares .... 
to his labours. When the original Com- l>cr Herausgeber verdient ffir seine mflhe- 

mentary stops abruptly three emapters be* voile Arbeit* tmseren lebharten Dank.**— 

fore the end of the third book, Mr Sandys ^Susemfht in^ursiads yahresberkht, 
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P. VERGILI MARONIS OPERA 

cum Prolegomenis et. Gommentario Critico pro Syndicis Preli 
Academici edidit Benjamin Hall Kennedy, S.T.P., Graecae 
Linguae Professor Regius. Extra Fcap. Odlavo, clotfi. 5^; 

M. T. CICERONIS DE OPFICIIS LIBRI TRES, 

with Marginal Analysis, an.English Commentary, and copious Indices, 
by H. A. Holden, LL.D. Head Master of Ipswich School, late Fellow 
of Trinity College, Cambridge, Classical Examiner to the University 
* of London. New Edition. Crown 0<n:avo. yr. 

M. TULLII CICERONIS DE NATURA DEORUM 

Libri Tres, with Introduction and Commentary by Joseph B. Mayor, 
M.A., Professor of Classical Literature at King’s College, London, 
formerly Fellow and Tutor of St John’s College, Cambridge, together 
with a new collation of several of the English MSS. by J. H. S WAIN- 
SON, M.A., formerly Fellow of Trinity College, Cambridge. 

[Nearly Ready, 


lEATHEMATICS, PHYSICAL SCl^CE, ftc. 

A TREATISE ON NATURAL PHILOSOPHY. 
By Sir W. Thomson, LL.D.y D..C.L., F.R.S., Professor* of Natural 
Philosophy in the University of Glasgow, Fellow of St Peter’s College, 
Cambridge, and P. G. Tait, M.A., Professor of Natural Philosophy 
in the University of Edinburgh; formerly Fellow of St Peter’s College, 
Cambridge? Vol. 1. Part I. Demy OctavOj, i6j. . 

** In this, the second edition, we notice a cpuld fornt within the time at our disposal 
large amount of pew matter, the importance would be utterly inadequate.'*— -iVa/iirfv. 

of which is such that any opinion which we , , 

ELEMENTS OF NATURAL PHILOSOPHY. 

By Professors Sir W. Thomson and P. G. Tait. Part I. 8vq, cloth, 
Second Edition, gs. 

'*This work is designed especially for the * trigonometry. Tyros in iJatural Philosophy 
use of s(^ools and junior classes in the Uni* cannot be better directed than by being told 
versities, the mathematical methods being to give their diligent attention to an Intel- 
limited almost without exception to those of ligent digestion of the contents of this excel- 
the most elementary geometry, algebra, and lept ^ade m€cum"-~IroH. 

THE ELECTRICAL RESEARCHES OF THE 
HONOURABLE HENRY CAVENDISH, F.R.S. 
Writteti between 1771 and 1781, Edited from the original manuscripts 
in the possession of the Duke of Devonshire, K.G., by J. Clerk 
Maxwell, F.R.S. Demy 8vo. doth. 


London : Cainbrie^e Warehouse, if Paternoster Row, 
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PUBLICATIONS OF 


HYDRODYNAMICS, 

A Treatise on the Mathematical Theory of the Motion of Fluids, by 
Horace Lamb, M.A., formerly Fellow of Trinity College, Cambridge; 
Professor of Mathematics in the University of Adelaide. Demy 8 vo.. 

‘ THE ANALYTICAL THEORY OF HEAT. 

By Joseph Fourier. Translated, with Notes, by A. Freeman, M.A. 
Fellow of St John’s College, Cambridge. Demy Octavo. i6s. 

‘'Courier’s treatise is one of the very few matics who do not follow with freedom 
scientific books which can never be rendered Realise in any language but their own. 
antiquated by the progress of science. It is is a model of mathematical reasoning applied 
not only the first and the greatest book on to physical phenomena, and is remarkable for 
the physical subject of the conduction of 4 he ingenuity of the analytical process- em- 
Heat, but in every Chapter new views are ^oyhd by the veathoT, Conteniparary 
opened \ip into vast fields of mathematical Review^ October, 1878; 
speculation. ** There canaot be two opinions as to the 

. ** Whatever text-books may be written, value and importance of the Thiorie de la 
riving, perhaps, more suceinct proofs of Clialeur. It has been called * an exquisite ^ 
Fourier's different equations, Fourier him- mathematical poem,* not once but many times, * 
self will in all time coming retain his unique ihdependently, by mathematicians of different 
prerogative of being the guide of his reader schools. Many of the very greatest of mo- 
uito regions inaccessible to meaner men, how- dern mathematicians regard it, justly, as die 
ever Extract front letter of Pro^ key which first opened to them the treasure- 

fessor Clerk Maxwell, house. of mathematical physics. It is still the 

“It is time that Fourier's masterpiece, text-book of Heat Conduction, and there 
The Analytical Theory of Heat^ trans- seems little present prospect, of its being 
lated by Mr Alex. Freeman; should be in- superseded, though it is already more than 
. tiodiicea to those English students of Mathc- half a century old.” — Nature, 

an eleTmentary treatise on 

QUATERNIONS. 

By *P. G. Tait, M.A., Professor of Natural Philosophy in the Univer- 
sity of Edinburgh; formerly Fellow of St Peter’s College, Cambridge. 
Second Edition. Demy 8 vo, 14s. 

COUNTERPOINT. 

A Practical Course of Sfudy, by Professor G. A. Macfarren, M.A., . 
Mus. Doc. . Demy Quarto, cloth.* 7s. 6df 

A CATALOGUE OF AUSTRALIAN FOSSILS 

(including Tasmania and the Island of Timor), Stratigraphically and 
Zoologically ^ranged, by Robert Etheridge, Jun., F.G.S., Acting 
Palaeontologist, H.M. Geol. Survey of Scotland, (formerly Assistant- 
Geologist, Geol. Survey of Victoria). Demy Odlavo, cloth, lof. 6d. 

*'The work is arranged with great dear- papers consulted by the author, and an indejt 
ness, and contains a fuU list of the books and to the genera." — Saturday Review, 

ILLUSTRATIONS OF COMPARATIVE ANA- 
^ TOMY, VERTEBRATE AND INVERTEBRATE,, 
for the Use of Students ih the Museum of Zoology and Compaihtive 
Anatomy. Second Edition. Demy Octavo, cloth, (>d, * 


London: Cambridge Warehouse, 17 Patentoster Row. 
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A SYNOPSIS OF THE CLASSIFICATIOl^ OF 
THE BRITISH PALAEOZOIC ROCKS, 
by the Rev. Adam' Sedgmtick, M.A., F.R.S., and Frederick 
M°C oY, F.G.S. One voL, Royal Quarto, Plates, £i: is. 

‘A CATALOGUE OF THE COLLECTION OF 
CAMBRIAN AND SILURIAN FOSSILS 
contained in the Geological Museum of the University of Cambridge, 
by J. W. Salter, F.G.S. With a Portrait of Professor Sedgwick, 
Royal Quarto, cloth, ^s. 6d. ' 

CATALOGUE OF OSTEOLOGICAL SPECIMENS 

contained in the Anatomical Museum of the University of fam- 
bridge. Demy Oflavo. ar. 6d. 

THE MATHEMATICAL WORKS OF 
ISAAC BARROW, D.D. 

Edited by W. Whewell, D.D. Demy Octavo, yj. 6d. 

ASTRONOMICAL OBSERVATIONS 

made at the Observatory of Cambridge by the Rev. James Challis, , 
M.A., F.R.S., F.RA.S., Plumian Professor of Astronomy and Experi- 
mental Philosophy in the University of Cambridge, and Fellow of 
Trinity College. For various Years, from 1846 to i86a 


LAW. 

A SELECTION OF THE STATE TRIALS. 

By J. W. Willis-Bund, M.A., LL.B., Barrister-at-Law, Professor of 
Constitutional Law and History, University College, London. Vol. 1 . 
Trials for Treason (1327-— 1660). Crown 8vo. cloth, 

THE FRAGMENTS OF THE* PERPETUAL 
EDICT OF SALVIUS JULIANUS, 

collected, arranged, and annotated by Bryan Walker, M.A. LL.D., 
Law Lecturer of St John’s College, and late Fellow of Corpus Christi 
College, Cambridge. Crown 8vo., Cloth, Price 6j. 

** This is one of the latest, we believe mentaHes and the Institutes . . . Hitherto 
quite the latest, of the contributions made to ' the Edict has been almost inaccessible to 
legal scholarship by that revived study of ' the ordinary English student, and such a 
‘the Roman I-aw at Cambridge which is now student will be interested as well as perhaps 
so marked a feature in the industrial life surprised to find how abundantly theeextant 
of the University. ... In the present book fragments illustrate and clear up points which 
we have the fruits of the same ‘kind of have attracted his attentipn in the Commen- 
thorough'and well-ordered study which was taries, or the Institutes, or the Digest.*’— 
brought to tear upon the notes to the Com* Law Tintes, 


London: Cambridge Warehouse, 17 Paternoster Row. 
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PUBLICATIONS OF 


THE COMMENTARIES OF GAIUS AND RULES 
OP ULPIAN. (New Edition, revised and enlarged.) 
With a Translation and Notes, by J. T. Abdy, LL.D., Judge of County 
Courts, late Regius Professor of Laws in the University of Cambridge, 
and Bryan Walker, M. A., •LL.D., Law Lecturer of St John's 
College, Cambridge, formerly Law Student of Trinity Hall and 
Chancellor's Medallist for Legal Studies. Crown Oiflavo, i6s, 

** As scholars and as editors Messrs Abdy '*The number of books on various subjects 
and Walker have dune their work well. of the civil law, which have lately issued from 
. > •, • • For one thing the editors deserve the Press, shews that the revival of the study 
special commendation. They have presented * of Roman jurisprudence in this country 4 s 
Gaius to the reader with few notes and those genuine and increasing. The present edition 

merely by way of reference or uecessaiy of Gaius and Ulpi.'in from the Cambridge 

explanation. Thus the .Roman jurist is University Press indicates that the Universi- 

allowed to speak for himself, and the reader tics are alive to the importance, of the move- 

feels that he is really studying Roman law ment.” — Za7u yt?urua/. 

in the original, and not a fanciful representa-. 

tionofit.” — Athenteum, . • 

• 

THE INSTITUTES OF JUSTINIAN,. 

translated with Notes by J. T. Abdy, LL.D., Judge of County Courts, 
late Regius Professor .of Laws in the University of Cambridge, and 
formerly Fellow of-Trinity Hall ; and 'Bryan Walker, M.A., LL.D., • 
Law Lecturer of St John's College, Cambridge ; late Fellow and 
Lecturer of Corpus Christi College ; and formerly Law Student of 
Trinity Hall*. Crown 0(5lavo, i6j:. 

** We welcome here a valuable contribution attention is dislrac^d from tlie subject>matter 
to the study of jurisprudence. The text of by the difficulty of stniggJings through the 
the is occasionally perplexing, even language in which it is contained, it will be 
to practised scholars, whose knowledge of almost indispensable.”— 
classical models docs not alw.ays avail them . “The notes arc learned and carefully com- 
iu dealing with the technicalities of legal ^ piled, and this edition will be found useful 
phraseology. Nor can the ordinary diction- * to students.’* — Za7v Times. 
aries be expected to furnish all the hclp that “ Dr.Abdy and Dr Walker have produced 
is wanted. This translation will then be of a book which is l^th elegant and useCul.” — 
great use. To the ordinary student, whose Athenceum. 


SELECTED TITLES FROM THE DIGEST, 

•annotated by B. Walke.r, M.A., LL.D. Part I. Mandati vel 
Contra. Digest XVII. i. Crown 8vo., Cloth, 5j. 

“This small volume is published as an ex- .say that Mr Walker de.serves credit for the 
perimeiit. The author proposes to publish an way in which he has performed the ta.sk uii- 
annotated edition and translation of several .derUikcn. The translation, as might be ex- 
l)ooks of* the Digest if this one is received pected, is scholarly.” Za7t/ Times. 

.with favour. We ^re* pleased to be able to 

GROTIUS DE JURE BELLI ET PACIS, 

with^the Notes of Barbeyrac. and others ; accompanied by an abridged 
Translation of the Text, by W. Whewell, D.D. late Master of Trinity 
College. 3 Vols. Demy Odlavo, 12 s, The translation separate, 6s, 


London: Cambridge Warehouse^ 17 Fadernoster Row. 
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HISTORY. 

LIFE AND TIMES OF STEIN, OR GERMANY 
AND PRUSSIA IN THE NAPOLEONIC AGE, 

by J. R. Seeley, M.A., Regius Professor of Modem History in 
the University of Cambridge,- with Portraits and Maps: 3V0IS. 
Demy 8vo. 48J. 

“ If we could conceive anything similar doing for German as well as English readers 
to A protective system in the intellectual de- what n>any German scholars have done for 
partment, we might perhaps look forward to us.** — Times. 

a time when our historians would raise the “In a notice of this kind scant justice can 

cry of protection • for native industry. Of be done to a work like the one before us; no 

the unquestionably greatest German men of short ri^sume cx\\\ give even the most meagre 

modern history — I speak of Frederick the notion of the contents of these volumes, which 

Great, Goethe and Stein — the first two found . contain no page that is .superfluous, and 

long since in Carlyle and Lewes biographers none that is uninteresting To urider- 

who have undoubtedly driven their (German stand the Germany of to-d.ay one must study 

competitors out of the field. And now in the the Germany of many yesterdays, and ^low 

vear just past Professor Seeley of Cambridge that study has been made easy by this work, 

has presented us with a biography of Stein to which no one can hesitate to a.ssign a very 

which, though it modestly declines competi- high place among those recent histories which 

tion with (Termqii works and disowns the have aimed at original research.” — Atfie- 

presumption of teaching us Germans our own 

history, yet casts into the shade by its bril- “The book before us fills an important 

liant superiority all that we have ourselves gap in English -nay, European— historical 

hitherto written about Stein.... In five long literature, and bridges over the history of 

chapters Seeley expounds the legislative and Prus.sia from the time. of Frederick the (ireat 

administrative reforms, the emancipation of to the days of Kaiser Wilhelm. It thus gives 

the person and the soil, the beginnings of . tiTe reader standing ground vyhence he may 

free administreation and free trade, in short regard conVemporary events in Cierniany iii 

the foundation of modern Prussia, with more their proper historic .light We con- 

exhaustive thoroughness, with more pene- gratulatc Camljridge and her l*rofessor of 

trating insight, than any one had done be- llistory on the appearance of such a note- 

fore.*' — Deutsche Rundschau, ^ worthy production. And \vc nuiy add that it 

“ Dr Busch’s volume has made .people * is something upon which wc may congratulate 

think and talk even more than usual of Prince Engl.and that on the especial field of the Gcr- 

Bism'arck, and I’rofessor Seeley’s very learmjd mans, histf)ry, on the history of their own 

work on Stcii\ will turn attention to an earlier country, by the use of their own literary 

and an almost equally eminent (jerman states- weapons, an Kngli.shrnan has produced a his- 

mhn It is soothing to the national tory of Germany in the Napoleonic age far 

self-respect to find a few Englishmen, such superior to any that exists in German.*’ — 

as the late Mr Lewes and Profcs.sor .Seeley, R.vamhter. • 

THE UNIVERSITY OF CAMBRIDGE FROM 
THE EARLIEST TIMES TO THE ROYAL 
INJUNCTIONS OF 1535, 
by James Bass Mullinger, M.A. Demy 8vo. cloth (734 pp.), i2j. 

“We trust Mr Mullinger will yet continue the University during the troublous times of 
his history .and bring it down to our own the Reformation. and the Civil War.** — Athe- 
day.** — Academy, ^ueum. 

“ He has brought together a mass of in- “ Mr Mullinger’s work is one of great 

structive details respecting the rise and pro- learning and research, which can hardly fail 

gress, not only of his own University, but of to become a standard book of reference on 

all the princip.Tl Universities of the Middle the subject. . . . We can most strongly recom- 

Ages We hope some day that he ipay mend this book to our readers.” — Spectator. 

continue hjs labours, and give us a history of 

HISTORY OF THE COLLEGE OF ST JOHN 
• THE evangelist, ‘ 

by THOMAS Baker, B.D., Ejected Fellow. Edited by John E. B. 
Mayor, M.A., Fellow pf St John’s. Two Vols. Demy 8vo.-:84r. 

“To antiquaries the book will be a source and pcademical, who have hitherto had to be 
of almost inexhaustible amu.semehc, by his- content with * Dyer.*” — Academy.^ « ^ 

torians it will btf found a work of considerable ' “ It may be thought that the history of a 

service on questions respecting our social college cannot be particiilarlyattractive. The 
progress in past times : and the care and two volumes before us, however, have some- 
thoroughness with which Mr Mayor has dis- thing more than a mere special interesl for 
charged his edi^riai functions are creditable •those who have been in any way connected 
to his learning and industry.” — Aihenemm, with _St John’s College, Cambridge they 

“The work displays very wide reading, contain much which wjll be read with pleasure' 
and it will be of great use to members of the by a far wider circle... The index with which 

colleM and- of the university, and, perjiaps, Mr Mayor has furnished this useful work 
of still greater u.se to students of English ' leaves nothing to be dMSVcoii.**~^Sfectator. 
history, ecclesiastical, political, social, literary 

London: Cathbridge Warehouse^ ij ^Paterdost^-R^v. 



i6 PUBZJCAtrONS OF 

HISTORY OF NEPAL, V 

translated by Munshi Shew Shunker Singh and Pandit Shr 7 
Gunai^nd ; edited wi^ an Introductory Sketch of the C!ountry and 
People by Dr D. Wright, late Residency Surgeon at Kathman()fl« 
and with * facsimiles of - native drawings, and portraits of Sir J ung 
Bahadur, the King of Nepal, &c. Super-royal .8 vo. Price 2ij. 

'* The Cambridge University Press have *'Von nichtgeringemWerthedagegensind 
done well in publishing this work. Such die Beigaben, welche Wright als * Appendix* 

translations arei valuable not only to the his- hinter der * history* folgen liisst, AufzSh- 

torian but ' also to the ethnologist ; JOr lungeh n&mlich der in Nep&l ilblichen Musik* 

Wright's Introduction is based on personal Instrumente, Ackerger&the, MOnzen, Ge» 

inquiry and observation, is written intelli- wichte, Zeittheilung, sodann ein kurzes 

gently and candidly, and adds much to the Vocabular in Parbatlyd und NewSri, einige 

value of the . volume. The coloured litho- New&rt songs mit Interlinear-Ueb«rseUung> 

graphic plates are interesting.** — Nature. eine Kdnigsliste, und, last not least, ein 

"The history has appeared at a very op- Verzeichniss der von ihm mitgebrachten 

portune moment. . .The volume. . . is beautifully Sanskrit- Ms.s. , welche jetzt in der Universi- 

f irinted, and supplied with portraits of Sir tSts-Bibliothek in Cambridge deponirt sind.** 

[ung Bahadoor and others, and with excel- — A. Wbbbr, Literaturzeiiungt Jahrgang 

ent coloured sketches illustrating Nepaulese 1877, Nr. 36. . ' . . 

architecture and religion.*’“iF.zy*»f/«^r, ^ " On trouve le portrait et la gdndalogie 

** In pleasing contrast with the native his- de Sir Jang Bahadur dans J'excellent ouvrage 

tory are the five introductory chapters con- que vient ae publier Mr' Daniel Wright, 

tributed * 1 ^. Or Wright himself, who saw as scus le titre de * History of Nepal, translated 
much of Nepal during his ten years* sojourn • from the Parbafiya, etc.* ’* — M. Garcin db 
as the strict rules enforced against foreigners Tassy in La Lat^gueet la Littirature Hin^ 
even by Jung Bahadur would let him see.*V— doustaeties i» 1877. Paris, 1878. 

/ndioH Mail. 

SCHOLAE ACADEMICAE : 

Some Account of the Studies at the English Universities in the 
Eighteenth Century. • By Christopher Wordsworth, M.A., 
Fellow of Peterhouse ; Author of “ Social Life at the English 
Universities in the Eighteenth Century.” Demy octavo, cloth, 15^. 

^*The general object of Mr Wordsworth's tereisting, and instructive. Among the mat- 

book is sufficiently apparent from its title. tors touched upon are Librailes, Lectures, 

He has collected a great quantjiy of minute the Tripos, the Trivium, the Senate House, 

and curious information about the working the Schools, text-books, subjects of study, 

of Cambridge institution's in the last century, foreign oninions, interior life. We learn 

with an occasional comparison of the corre- even of tne ' various University periodicals 

spending state of things at Oxford. It is of that have had their day. And last, but not 

course impossible that a book of this kind leait, we are given in an appendix a highly 

should be altogether entertaining as litera- interesting series of private letters from a 

ture. To a great extent it is purely a book Cambridge student to John Strype, giving 

of reference, and as such it will be of per- a vivid idea of life as an undergraduate and 

manent value for the historical knowledge of afterwards, as the writer became a graduate 

English education and learning.’* — Saturday and a fellow." — University Magazine, • 

Review, "Only those whp have engaged in like la- 

"In (he work before us, which is .strictly what hours will be able fully, to appreciate the 

it professes to be, an account of university stu- sustained industry and conscientious accuracy 

dies, we obtain authentic information upon the discernible in every page. . . ‘Of the whole 

course and changes of philosophical thought volume it may be said that it is a genuine 

in this country, upon the general estimation service rendered to* the study of University 

of letters, upon the relations of doctrine and history, and that the habits of thought of any 

science, upon the range and thoroughness of writer educated at either seat' of learning in 

education, and we may add, upon the cat- the last .century will, in many cases, be far 

like tenacity of life of ancient forms.... The, better understood after a consideration of the 

particulars Mr Wordsworth gives us* in his materials here collected."— Academy, 

excellent arrangement are most varied, in- 

THE ARCHITECTURAL HISTORY OF THE 
UNIVERSITY AND COLLEGES OF CAMBRIDGE, 
By the late Professor Willis, M.A. With numerous Maps, Plams, 
aiid Illustrations. Continued to the present time, and edited 
by John Willis Clark; M.A., formerly Fellcjw 

of Trinity College, Cambridge. [/» the Ptess, 

London: Camhru^ Warehousty 17 Paternoster Row. , 
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MISCELLAKEOUS. 

STATUTA ACADEMI-E CANTABRIGIENSIS. 

Demy Odlavo. 2 s» sewed* 

ORiblNATIONES ACADEMI^ CANTABRIGIENSIS 

Demy Qflavo, cloth. 3J. 6 d, 

• TRUSTS, STATUTES AND DIRECTIONS affecting 

(i) The*Professorships of the Univeraty. (2) The Scholarships and 
Prizes. (3) Other Gifts and Endowments. Demy 8vo. 5J. • 

COMPENDIUM OF UNIVERSITY REGULATIONS, 

for the use of persons m Statu Pupillari. Demy .Odlavo. 6 d, 

CATALOGUE OF THE HEBREW MANUSCRIPTS 

preserved in the University Library, Cambridge. By Dr S. M. 
SCHiLLER-SziNESSY. Volume I. containing. Section i. The Holy 
Scnpturesj Section II. Commentaries on the Bible* Demy Odlavo. gj. 

A CATALOGUE OF THE MANUSCRIPTS 

preserved in the Library oC the University of Cambridge. Demy 
Odlavo. 5 Vols. 10s. each. 

INDEX TO THE CATALOGUE. Demy Oaavo. los. 

A CATALOGUE OF ADVERSARIA and printed 
books containing MS. notes, preserved in the Library of the University 
of Cambridge.’ 3J. 6 dl 

THE ILLUMINATED MANUSCRIPTS IN THE 
LIBRARY OF THE FITZWILLIAM MUSEUM, 
Catalogued with Descriptions, and an Introduction, by William 
■ George Searle, M.A., late Fellow of Queens' College, and Vicar of 
Hockington, Cambridgeshire, Demy O^avo. ys. 6d. 

A CHRONOLOGICAL LIST OF THE GRACES, 

Documents, and other Papers in the University Registry which con- 
cern the University Library. Demy Oaavo. 2S. 6d. 

CATALsOGUS BIBLIOTHECAE BURCKHARb- 

Demy Quarto. 5s. . 

Imdon : Cambridge Warehouse, 17 Fatermsttr Sow. 
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PUBLICATIONS OF 


Ct)e CambnDge £tble for ^thoola^ 

General Editor : J. J. S. Perowne, D.D., Dean of 
Peterborough. 

The want of an Annotated Edition of the Bible, in handy portions, 
suitable for School use, has long been felt. 

In order to provide Text-books for School and Examination pur- 
poses, the Cambridge University Press has arranged to publish the 
several books of the Bible in separate portions at a moderate price, 
with introductions and explanatory notes. ^ 

The Very Reverend J. J.« S. Perowne, D.D., Dean of Peter- 
borough, has undertaken the general editorial supervision of the work, 
and- will be assisted by a staff of eminent coadjutors. Some of the 
books have already been' undertaken by the following gentlemen : 

Rev. A.^ CarA, M.A., Assistant Master at Wellington College* 

Rev. T. K. Cheyne, Fellow of Balliol College^ Oxford* 

Rev. S. Cox, Nottingham. 

Rev. A. B. Davidson, D.D., Professor of Hebrfw^ Edinburgh* 

Rev. F. W. Farrar,. D.D., Canon of Westminster* 

Rev. A. E. Humphreys, M. A., Felloiv of Trinity College^ Cambridge. 
Rev. A. F. Kirkpatrick, M.A., Fellow of Trinity College. 

Rev. J. J. Lias, M.A., Professor at St £>avid*s College^ Lampeter. 

Rev. J. R. Lumby, D.D., JVbrrisian Professor of Bimnity. 

Rev. G. F. Maclear, D.D., Bead Master of King^s Coll. School^ London. 
Rev. H. C. G. Moule, M.A., Fellow of Trinity College. 

Rev. W. F. Moulton, D.D., Head Master of the Leys School^ Cambridge. 
Rev. E. H. Perowne, D.D., Master of Corpus Christi College^ Cam- 
bridge^ Examining Chaplain to the Bishop of St Asaph. 

The Ven. T. T. Perowne, M.A., Archdeaeon of’Nbrwich. 

Rev. A. Plummer, M.A., Afaster of University College^ Durham. 

Rev. E. H. Plumptre, D.D., Professor of Biblical Exegesis^ Kinfs 
College^ London. 

Rev, W. San DAY, M. A., Prhtcipal of Bishop Hatfield Ilall^ Durham* 
Rev. W. SiMCOX, M.A., Kector of Wtyhill, Hants. 

Rev, Robertson Smith, M.A., Professor of Hebrew^ Aberdeen. 

Rev. A. W. Streane, M.A., Fellozv of Corfms Christi Coll.,Cambru/ge. 
Rev. H.W. Watkins, M.A., Wardenof St Augustine's Coll.^ Canterbury. 
Rev. G. H. Whitaker, M.A., Fellow of St folin's College^ Cambridge. 

Now Beady. Cloth, Extra Fcap. 8vol 

THE BOOK OF JOSHUA. Edited by Rev. G. F. 

Maclear, D.D. With a Maps. 6d* 

THE BOOK OF JONAH. By Archdn. Perowne. ts* 6d* 


London : Cambridge Warehouse^ 1 7, PafernosUr Row. 
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THE OAMBEIDOE ElEliE FOE SOHOOIiS. — Continued. 

THE GOSPEL ACCORDING TO ST MATTHEW, 

Edited by the Reyp A. Carr, M.A, With 2 Maps. aj. 6 d . 

THE GOSPEL ACCORDING TO ST MARK. Edited 

by the Rev. G. F. Maclear, D.D. (with 2 Maps), is. 6 d. 

THE ACTS OF THE APOSTLES. By the Rev. 

Professor Lumby, D.D. Part I. Chaps. I — XIV. With 1 Maps. 

^ IS. 6d. 

THE FIRST EPISTLE TO THE CORINTHIANS. 

By the Rev. Professor Lias, M.A. With a Map and Plan. v. 

THE SECOND EPISTLE TO THE CORINTHIANS. 

By the Rev. Professor Lias, M.A. is . 

THE GENIiRAL EPISTLE OF ST JAMES. By the 

Rev. Professor Plumptre, D.D. is . 6 d , 

THE EPISTLES OF ST PETER AND ST JUDE. 

By the Rev. Professor Plumptre, D.D, is. 6 d . 

Preparing. 

THE GOSPEL ACCORDING TO ST LUKE. By 

the Rev. F, W. Farrar, D.D.* . r 

THE GOSPEL ACCORDING TO ST JOHN. By 

the Rev. W. Sanuay and the Rev. A. Plummrr. M.A, 

THE EPISTCe to THE ROMANS. By the Kev. 

H. C. G. Mgui.E, M.A. {Nearfy ready . 

THE BOOK OF JEREMIAH. By the Rev. A. W. 

Stream, M.A, 


In Preparation. 

THE CAHBBIDOE GREEK TESTAHEHT, 

FOR SCHOOLS AND COLLEGES, 

with a Revised Text, based on the most recent critical authorities, and 
English Notes, prepared under the direction of the General Editor, 

THE Very Reverend J. J. S. PEROWNE, D.D., 

DEAN OF PETERBQROUGH. 

The books will be published separately ^ as in the “Cambridge Bible 

for Schools.” 


London: Cambridge Warehouse^ 17 Paternoster Row. 
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PUBLICATIONS OF . * 


THE PITT PRESS SERIES. 

I. GREEK. 

AGESILAUS OF XENOPHGN. The Text re- 

vised with Critical and Explanatory Notes, Introduction, Analysis, 
and Indices. By H. Hailstone, M. A., late Scholar of Peterhouse, 
Cambridge, Editor of Xenophon’s Hellenics, etc. Cloth, 'is, 6d. 

ARISTOPHANES— RANAE. With English Notes 

and Introduction by W. C. Green, M.A., Assistant Master at 
Rugby School. Cloth. 3 ^. 6d, 

ARISTOPHANES — AVES. By the same Editor. 

Neui JEdiHon, Cloth.* 6d, 

“The notes to both plays are excellent. Much has been done in these two volumes 
to render the study of Aristophanes a real treat to a boy instead of a drudgery, by 
helping him to understand .^the fun and to express it in his mother tongue .'* — The 
ExatHtneir, »'* 

THE ANABASIS OF. XENOPHON, Book II. 

With a Map and English Notes by Alfred Pretor, M.A., 
Fellow of St Catharine^s College, Cambridge ; Editor of Persius 
- and Cicero ad Atticum Book i. Price 6 </. 


BOOKS I. III. IV. & V. By the same Editor. 25 *. each. 

**This little volume (III.) is on every account well suited, either fox^schools or 
Ibr the Local Examinations.** — Times. 

**Mr Pretor*s * Anabasis of Xenophon, Book IV.* displays a uni^n of accurate 
Cambridge scholarship; with experience of what is requifed bjr learners gained in 
examining middle-class schools. ' The text is large and clearly printed, and the notes 
explain all difliculties. . . . Mr Pretor’s notes seem to be all that could be wished as 
regards grammar, geography, and other matters.*’— 7'<i^ Aceulemy. 

EURIPIDES. HERCULES FURENS. With 

Introductions, Notes' and Analysis. By J. T. Hutchinson, BiA., 
Christ’s College, Cambridge, and A. • Gray, B.A., Fellow of 
Jesus College, Cambridge. Cloth, extra fcap. 8vo. Trice is, 

** Messrs Hutchinson and Gray have produced a careful and useful edition.*'— 
Saturday Review, 

LUCIANI SOMNIUM CHARON PISCATOR 
, . • ET DE LUCTU 

with English Notes by W. E. Heitland, M. A., Fellow and Lecturer of 
St John’s College, Cambridge, Editor of Cicero pro Murena, &c. 3 ^. ftd. 


London: Cambridge Warehouse^ 17 Paternoster Row, 
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II. LATIN. 

M. T. CICERONIS DE AMICITIA. Edited by 

. J. S. Reid, M.L., Fellow' of Gonyille and Caiiis College, Cam- 
bridge. Price 3j. . - 

*'Mr Reid has decidedly attained his aim, namely, 'a thorough examination of 

the Latinity of the dialogue. ’ The revision of the text is most valuable, and 

comprehends sundry acute corrections. . . . We dP not think that the most careful 
search would yield us many opportunities for carping. This volume, like Mr Reid's 
other editions, is a solid gain to the scholarship of the country," — AtJkerueum. 

** A more distinct gain, to scholarshm is Mr Reid’s able and thorough edition of 
the De A micitiA of Cicero, a work of which, whether we regard the exhaustive 
introduction or the instructive and- most suggestive commentary, it would be difficult 

to speak top highly The characters of the dialogue are happily and sufficiently 

sketched. When we come to the commentary, we are only amazed by its fulness in 
proportion to its bulk. Nothing is overlooked which can tend to enlarge the learner's 

general knowledge of Ciceronian Latin or to elucidate the text. We have not 

space to examine the editor's few, but generally well founded, corrections of the 
text ." — Saturday Keztiew. • 

M. T. CICERONIS DE SENECJUTE. Edited 

by J. S. Reid, M.L. ■ [Nearly ready. 

M. T, CICERONIS ORATIO PRO ARCHIA 

POET A. Edited by J. S. Reid, M.L. Price ts. Sd. 

** It is an admirable specimen of careful editing. ^ An Introduction tells us every- 
thing we could wish to^know about Archias, about Cicelie’s connexion with him, about 
the merits of the trial, and the genuineness of the speech. The text is well and care- 
fully printed. The notes are clear and scholar-like. . . . No boy can master this little 
volume without fpeling that he has advanced a long step in scholarship." — YVip Academy. 

“The best* of them, to our mind, are Mr Reid's two volumes containing the /*ra 
ArcA/A Poet A and Pro Balbo of Cicero. The introductions, which deal with the cir- 
cumstances of each speegh, giving also an analysis of its contents and a criticism of 
its merits, are models of clear and concise statement, at once intelligible to junior 
students and u.seful fur those who are more advanced.” — Gu.irdian. 

QUINTUS CURTIUS. A Portion of the History. 

(Alexander in India.) By W. E. Hritland, M. A., Fellow and 
Lecturer of St John’s College, Cambridge, andT. E. Ravrn, B.A., 
Assistant Master in Sherborne ‘School. Price ^s, 6d, 

** Equally commendable as a genuine addition to the existing stock of school- 
books is A in a compilation from the eighth and ninth book's of 

Q. Curtius, edited for the Pitr Press by Messrs lieitland and Raven. . . . I'he 
work of Curtius has merits of its own, whi,.:h, in 'former generations, made it a 
favourite with English scholars, and which ’still make it a popular text-bcK>k in 
Continental schools. ... . . The reputation of Mr lieitland is a sufficient guarantee 
for the scholarship of the notes, which arc ample without being excessive, and the 
book is well furnished with all that is needful the' nature of maps, indexes, and 
appendices," . 

M. T. CICERONIS PRO L. CORNELIO BALBO 

ORATIO. Edited by J. S. Rkid, M.L. Fellow of Caius College, 
Cambridge. Price is. 6d. 

** Mr •Reid's Orations For Archias and for Balbiis profess to keep in mind the 
training of the sttulent’s eye for the finer and more delicate matters of scholarship no 
less than for the more obvious; and not only^dcal with the cuininotiplacc notabitia'oF a 
Latin oration as they serve the needs of a*cuQimonplace student, but also point out 
the specialities of Cicero's subject-nuiller and modes of expression. . . We arc bound 
to recognize the pains devoted in the annotation of these two orations to the minute 
and thorough study of their T.atinity, both in the ordinary notes and' in the textual 
appendices .”* — Saturday Reviexv. 

“Mr Reid’s Pro Balb<r\% marked by the same qualities as his edition of the Pro 
A rchia . " — The A cademy. 
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P.. OVIDII NASONIS FASTQRUM LiBteR VI. 

With a Plan of Rome and Notes by A. Sidgwick, M.A. Fellow 
of Corpus Christ! College, Oxford. Price is, 

** Mr Sidgwick’s editing of the Sixth Book of Ovid's Fasti furnishes a careful and 
serviceable volume for average students. It eschews 'construes* which supersede, 
the^ use of the dictionary, but gives full explanation of grammatical usages and his- 
torical amd*inytliical allusions, besides illustrating peculiarities of style, true and false 
derivations, and the more remarkable variations of the text. *' — Saturday. Rev tew. 

** It is eminently good and useful. . . . The Introduction is singularly clear on the 
astronorpy of Ovid, which is properly shown to be ignorant and confused; there is an 
excellent little map of Rome, giving Just the places mentioned in the text and no 
more ; the notes are evidently written by a practical schoolmaster.” — TAe Academy, 

GAI lULI CAESARIS DE BELLO GALLICO 

COMMENTARIUS SEPTIMUS. With two Plans and English 
Notes by A. G. Peskett, B.A. Fellow of Magdalene* College, 
Cambridge. Price as, 

'* In an unusually succinct introduction he gives all the preliminary* and collateral 
information that is likely to be useful to a young student ; and, wherever we have 
examined his notes, we have found them eminently practical and satisfying. . . The 
book may well be recommeuded'for careful study in school or college.” — Sat. Rev, 

BOOKS IV. Al^D V. by the same. Editor. Price 2s. 
•BEDA’S ECCLESIASTICAL HISTORY, 

BOOKS . III., IV., the Text from the very ancient MS. in 'the 
Cambridge University Library, collated with six other MSS. Edited, 
with a life from the German of Ebkrt, and with Notes, &c. by 
J. E. B. Mayor, M.A., Professor of Latin, and R. Lumby, D.I:)., 
Norrisian. Professor of Divinity. Price *js, 6d, 

"To young .students of English History the illustrative notes will be' of great 
service, while the study of the. texts will be a good introduction to Medimval Latin.” 
— I'he Nattcau for mist. 

"In Bede*s works Englishmen can go back to orig^ittes of their history, un- 
equalled for form and matter by any modem European nation. Prof. Mayor has 
done good service in rendering a part of Bede's greatest Work accessible to those 
who can read Latin with ease. He has adorned this edition of the third and fourth 
books of the "Ecclesiastical History** with that amazing erudition for which he is 
unrivalled among Englishmen and rarely equalled by Carmans. And however in- 
teresting and valuabie the text may be, we can cerUiinly apply to his notes the 
expression, L.a sauce vaut miettx giie le poison. 'I'hey are literally crammed with 
interesting information about early Euglish life. ^ Eor though ecclesiastical in name, 
Bede's history treats of all parts of the national life, since the Church had points of 
contact with all.” — Examiner. 

"We have to thank the Syndics of the Cambridge Un^ersity Press for this 
handy reprint of a portion of Bede’s Ecclesiastical History. It embraces the period 
between the death of Edwin King of Northumbria, A.ii. 633, and the close of the 
.sevehth century, during which' time England was finally Christianized, and the 
Irish and Scotch Churches came under the yoke of Rome.... No one pretending 
to be a .scholar or a theologian ought to be, as is too commonly the ca.se, wholly 
ignorant of our early Church history, .as .set forth in original doctimcnts, and we 
welcome this volume as likely to be very useful in enabling students easily to form 
some conception of it in its various phases of strength and weakness.” — Record. 

P. VERGILI MARONIS AENEIDOS Liber VI. 

Edited with Notes by A. SiDGWiCK, M.A. Fellow of Corpus 
Chrisli College, Oxford. Cloth, ir. 

BOOKS VII., VIII., X., XI., XII. by the same Editon 

IS, 6d, each. 

" Mr Arthur Sidgwick's 'Vergil, Aeneid, Book XII.’ is worthy of his reputation, 
and is distin^ished by the same acuteness and accuracy of knowledge, appreciation 
ora boy's dimcultics and ingenuity and resource in meeting them, which we have on 
other occasions had reason to praise in these pages.” — The Acadefity, 

"As masterly in its clearly divided preface and appendices as in the sound and 
independent character of its annotations. . . . There Is a great deal more in the notes 
than mere compilation and suggestion. ... No difficulty is left unnoticed or un- 
ha^dled .” — Saturday Review. 

BOOKS X., XL, XII. in one volume. Price 2s,6d. 
London: Cambridge Wareiiouse^ 17 Paternoster Ro^, 




THE CAMBRIDGE UNIVERSITY PRESS. 


Z3 


M. T. CICERONIS ORATIO PRO L. MURENA, 

with English Introduction and Notes. By W. E. HlsiTLAND, 
M.A., Fellow and Classical -Lecturer of St John’s College, Cam- 
bridge. Second Edition, carefhUy revised. Small 8 vo. 3 ^. 

^ ‘I Those students are to be deemed fortunate who have to read Cicero's lively and 
■brilliant oration for L. Murena with Mr Heitland’s handy edition, which may-l^ pro- 
nounced ‘four-square' in point of equipment, and which has, not without good 
reason,' attained me honours of a second edition." — Saturday Keview, 

M. T. CICERONIS IN Q. CAECILIUM DIVI- 

NATIO ET IN C. VERREM ACTIO PRIMA. With Intro- 
•duction and Notes by W. E. Hkitland, M.A., and IIekrert 
CowiE, M.A., Fellowsr of St John's College, Cambridge. Cloth, 
extra fcp. 8 vo. Price 3 ^. 

M. T. CICERONIS IN GAIUM VERREM AC- 

TIO PRlMA. With Introduction and Notes. By H. CowiE, 
M.A., Fellow of St John's College, Cambridge. Price is. 6d. 

M. T. CICERONIS ORATIO PRO TITO ANNIO 

MILONE, with a Translation of Asconius’ Introduction, Marginal 
Analysis and , English Notes. Edited by the Rev. John 
Smyth Purton, B.D., late President and Tutor of St Catharine's 
College. Cloth, small crown 8 vo. PHc/ks. 6d. 

“The editorial work is excellently done, but the book contains more. than iff re- 
quired for University Local Examinations, and is rather suited to the higher forms 
of public schools." — T/te Academy, 

M. ANNAEI LUCANI PHARSALIAE LIBER 

PRIMUS, edited with English Introduction and Notes by W. E. 

• Heitland, M.A. and C. E. Haskins, M.A,, Fellow^ and Lec- 
turers of St John’s College, Cambridge. Price is. 6d. 

"A careful and scbolarlikc production,” — Times. 

“ In nice parallels of Lucan from Latin poets and from Shakspeare, Mr Haskins 
and Mr Heitland deserve praise." — Saturday Review, 


Ml. FRENCH. 

HISTOIRE DU SIECLE DE LOUIS XIV. 

PAR VOLTAIRE. Chaps. I. — XIII. Edited with Notes Phi- 
lological and Historical, Biographical and Geograjdiical Indices, 
etc. by Gustavk Ma.sson, -B. A. Univ. Gallic., Officicr d’Academie, 
• Assistant Master of Harrow School, and G. W. I'kothero, M.A., 
Fellow and Tutor of King’s College, Caml>ridgc. 'is. 6d, 

“Messrs Masson and Prothero have, to judge from the first part of theur work, 
performed with much discretion and care the task of editing Voltaire's Siecle de 
JLouis XIV for the ‘Pitt Press Series.’ Besides the u.sual kind of note.s, the editors 
have in' this case, influenced by Voltaire’s ‘summary way of treating much of tl* 
histoiy,’ given a good deal of historical information, in which they Have, we think, 
done well. At the beginning of the book will be found excellent and succinct ac- 
counts of the constitution of the French army and Parliament at the period treated 
of .” — Saturday Review. 


London: Cambridge Warehottse, Paternoster Row. 



34 PUBUCATIONS OF 

M. DARU, par M.'C. A. SAiNtE-BEUVE, (Causeries 

du Lundii Vol. IX.)** With Bio^phical Sketch of the Author, 
and Notes Philological and Historical. By Gustave Masson, ax.* 

LA SUITE DU MENTEUR. A Comedy in Five 

Acts, by P. Corneille. Edited with Fontenelle’s Memoir of 
the Author, Voltaire’s Critical Remarks, and Notes Philological 
• and Historical. B^ Gustave Masson. Price aj. 

LA JEUNE SIBERIENNE. LE LEPREUX • 

DE LA CITfi D’AOSTE. Tales. by Count Xavier de 
Maistre. With Biographical Notice, Critical Appreciations, and 
Notes. By Gustave Masson. Price 2 s. 


LE DIRECTOIRE. (Considerations sur la R^vo- 

lution Fran9aise. Troisi^me et quatriem^e parties.) Par Madame 
LA Baronne de Stael-Holstkin. With a Critical Notice of 
the Author, a Chronological Table, and Notes Historical and 
Philological. By Gustave Masson. Price aj, 

** Prussia under Frederick the Great, and France under the Directory, bring 
us face to face respectively with periods of history which it is right should be 
known thoroughly, and which are well treated in the Pitt Press volumes. 
The latter in particulai^. ai^ exitract from the world-ki^wn work of Madame 
de Stael on the French Revolution, is beyond all praise for the excellence 
both of its style and of its matter.**— Tiwes, 


DIX ANNEES D’EXIL. Livre H. Chapitres 

1—8. Par Madame la Baronne De Stael-Holstkin. With 
a Biographical Sketch of the Author, a Selection of Poetical 
Fragments by Madame de Stael’s Contemporaries, and Notes 
Historical and Philological. By GustAve Ma'sson, B.A. Univ. 
Gallic., Assistant Master and Librarian, Harrow S'chool. Price 2s. 

**The choice made by M.^ Masson of the second book of the Metnotrs of . 
Madame de StaSl appears specially felicitous. . . . This is likely to be one of the 
most favoured oi M. Mason’s editions, and de^rvedly ^.** — Academy. 

FREdEGONDE et BRUNEHAUT; a Tragedy 

in Five Acts, by N. Lemercier. Edited with Notes, Genea-^ 
logical and Chronological Tables, a Critical Introduction and a 
Biographical Notice. By Gustave Masson. Price 2 S. 

“ Like other books in the ‘ Pitt Press Series,’ this is neatly printed, and the 
'notes are short and serviceable. Of the tragedy itself the best trait is its style, 
which has been described as ‘Cornelian.’/*— 

LE VIEUX CELIBATAIRE. A Comedy, by 

Collin D’IIarleville. With a Biographical Memoir, and 
Grammatical, Literary and Historical Notes. By the same Editor. 
Price 2s, 

M. Masson is doing good work in introducing learners to some of the 
less-known French play-wriiers. The arguments are admirably clear, and the 
notes are not too abundant,**— .<4 


London: Cambridge Warehouse^ 17 Faternosfer Fow, 
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LA METROMA-NIE, A Comedy, by PiRON, with 

a Biographical Memoir, and Grammatical, Literary and Historical 
Ndtes. By the same Editor. PHce ^s. 

LASCAlilS, OU LES GRECS DU XV= SIECLE, 

Nouvelle Historique, par A. F. Secretaire Perpetuel 

.de I’Acaddmie Fran9aise, with a Biographical Sketch of the Author, 
a Selection of Poems on Greece, and ^otes Historical and Philo* 
logicaL By the same Editor. Price as. 


IV. GERMAN. 

DER OBERHOF. A Tale of Westphalian Life, 

by Kari. Immermann. With a Life of Immermann and English 
Note.s, by Wilheiai Wagner, Ph.D., * Professor at the Johan- 
neum, Hamburg. Price 3J. • 

A BOOK OF GERMAN DACTYLIC POETRY. 

Arranged and Annotated by Wilhelm Wagner, Ph.D. Professor 
at the Johanneum, Hamburg.' Pricers. 

Ai 

®cr crfle Rrcujjug (THE FIRST CRUSADE), by 

Friedrich von Raumer. Condensed from the Author's ‘History 
of the Hohenstaufen*, with a life of Raumer, two Plans and 
English Notes. By Wilhelm Wagner, Ph.D. Professor at thq 
Johanneum, Ilamburg. Price as. ^ 

** Certainly no more interesting^ book could be made the subject of examinations. 
The story of the First Crusade has an undying interest. The notes are, on the whole, 
SQod.**-^£iiucatio»idl 'rimes. ' 

A BOOK OF BALLADS ON GERMAN HIS- 

TORY. Ar^^nged and Annotated by Wilhelm Wagner, 
Ph. D., Professor at the Johanneum, Hamburg. Price as. 

** It carries the reader rapidly through some of the most important incidents 
connected with the German race and nam'e, from the invasion of Italy by the 
Visigoths under their King Alaric. down to the FrancO-German War and the 
installation of the present Emperor. The notes suppily very well the connecting 
links between the successive periods, and exhibit in its various phases of growth 
and progress, or the reverse, the vast unwieldy mass which constitutes modern 
Germany.” — rimes. 

DER STAAT FRIEDRICHS DES GROSSEN. 

By G. Freytag. With Notes. By Wilhelm Wagner, Ph.D., 
® Professor at the Johanneum, Hamburg. Price as. 

** These are recent additions to the handy reprints given in the *Pitt Press 
Series.' In both the intention is to combine the studies of literature and his- 
tory. . . In thQ second of these little books, the editor gives, with som^s altera- 
tions, a fairly written essay on Mr Carl^^le's hero. The notes appended to the 
essay, like those following the ballads, arc^ mostly concise and useful.”. • 

A theneenm, 

Prussia under Frederick the Great, and France under the Directory, bring, 
us face to face respectively with periods of history which it is right •should talMl 
known thoroughly, and which are well treated in the*Pitt Press volumes.'' 

rimes. 
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BOYHOOD; being the First Three Bpoks of his Avitobiography. 
Arranged and Annotated by WiLHiptM Wagner,^ Phi D., Pro-' 
fessor at the Johanneum, Hamburg. Pricers, ^ * 

GOETHE’S HERMANN AND DOROTHEA; 

With an Introduction hnd Note^. By the same Editor. Price y, 
“The notes are among ‘the ‘hes^ that we know, with the reservation^at 
they are often too.abnadant.**— 

3 a^r 1813 (The Year 1813), by F. Kohlrausch. 

With English Notes. By the same Editor. Price sj. 

V. ENQl-J^H. 

THE TWO NOBLE KINSMEN, edited with 

Introduction and Notes by the Rev. Professor Skeat, M.A., 
formerly Fellow or Christ’s College, Cambridge.* Price 6d. 

“This edition of a play that Is well ii^orth study, for more reasons than one, 
by so careful a scholar as Mr Skeat, deserves a hearty welcome.” — Athetueum.' 

“Mr Skeat is a conscientious editor, and has left no di^culty. unexplained, 
either of sense or language.*’— r/iarr. 

• BACON’S HISTORY OF THE REIGN OF 

KING HENRY VII. .With Notes by the Rev. J. :^awson 
.. Lumby, D.D., Norrisiari fiofessor of Divinity; Fellow, of St 
Catharine’s College) Cambridge, ^rice 3r. 

. SIR THOMAS MORE’S UTOPIA. With Notes 

. by the Rev. J. R^wson .Lumby, D.D., Norrisran Professor of 
Divinity; Fellow of St Catharine’^ College, Cambridge. 

^ linearly ready, 

[Other Volumes are in preparation.^ 
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sophicali Antiquarian, and Philological Societies, ^d, weekly. 
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UNIVERSITY OF CAMBRIDGE 
;LOCAL E;X.AMmATIONS. 

SXAIONATIQK FAFEBS, 

for various yeats,.wkh the Regulfttidm for the Examination . . 

. *■ .Demy O^lavo. each, or ^y‘ Post, 2 2^. 

Hu Regulations for the ^Examination in 1879 are now ready. 

CLASS LISTS FOB VABIOUS TEABS. 

' , 6//. each, by Post 7//. 

Fx)r> i878. Boys u; Girls 6^/. 

ANNUAI; REPORTS. OP THE SYNDICATE, 

With Tables showing the success and failure of the Candidates, 

2 s, each, by Post 2 j. 2d. 

HIGHER LOCAL E^CAMINATIONS. 

EXAMINATION PAPERS 

for. various years, mththe Regulations for the Examinatim. 

Demy Odlavo. 2s. each, by Post 2 s, id. 

REPORTS OP THE SYNDICATE. 

Demy Odfavo. u., by Post i j. id. 


OXFORD AND CAMBRIDGE SCHOOLS 
EXAMINATIONS. 

1. PAPERS SET IN THE EXAMINATION FOR CER- 

tificates, July, 1879, Rrice is. 6 d. 

2. LIST OF CANDIDATES WllO OBTAINED CERTI- 

iicafes at the Examinations held in December, 1878, and in June and July, 
1879; and Supplementary Tables. Price ^d, 

3. ‘‘regulations of the OXFORD AND CAMBRIDGE 

Schools Examination Board for the year 1880. Price 6 d. 

4. REPORT OF THE OXFORD AND CAMBRIDGE 

Schools Examination Board for the year ending Oct, 31, 1878. Price is. 
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